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SCAN6D ey 

6N&.OSAMA TAf?£K 


(Cement) 

• 4 jajjU Sjlsuj Jl£j / ' 

j AjjjX^Jl ^La-a-V \ C)^ Ajful A_-oa*!^Ul 3 jL<JI ^a uWj 7 1 

A . ’) -y l-> ^Ls AjUj ? AjAsJI J Liixi jJV 1 cl^® (_£ -M jpa -i J-r^J <^° ^ irv.. L> Ax_J A U»- <a <^i. • *• 

(J-.l^bu ill J (JjjLuai]! Alg.juj AiJi] 3 jLo (J j).?aJL A_il! ^LcJl ^LkJa] Juic. CIxIajuiVIj Ail-c-I ») 

i--. ib . ca 33 o jJla jlxjj ^LjjIajjI IfL-uo CjS-Jo l^il (Jl^jj 1^33 j-i3 Aaa 1^3 Ajxo ^ S ^>3a > i ( 

Cl.,if\ , k'Z l^ii jUajj ? |jLa>. ^jaxjuga 7 ^ >j jj Cj-iia AuxjboA^M A ' i * - 1 

0,.^> JaiaAa A^a jllvO A mail t jlu£j AjLuj J^Il SJilj j £--oj J t > •' 4 » 

-Lul jf, .rv3i e-Ljj (JL-aoI AaJjwucJl AjjLxJI AjLui^aJI ^rbuj Cu3uuo)VJ ^.1- T k ‘U u > j 

# ^cJl ^paLnli JUc-lj ^.ax& xm *)! I £- 13 x 11 £rl 3 jj , »* » 

^A^JLxjjI ^IguL-a-J JLic. A_-oa.V SjiL-o& (jxJail „^Aj A—ajJ19l 11 A-LajVi ^5-3 J-ujJ>yi * 

>, - ) . > l l (Jj~^ iJaaLk ^jjj-uL^o ^J l4v.j„.a.a)1 j A-x^V S^L-a£ ^j-U-aJl j ^_X5»J! oJiL^a ^LoAa]! ^> i — • *'t 

CliLa_c*)l £rL33V A^uuljJi]i (jji^.jui Iaj 1756 A-Ljuj .A^a^V S^L,a£ A^j^jjjA\ JjI ., «)t i 

0 ij .AxixL ^1 jx» csr^- lS J^A. L $‘^ J ^f*-ll jJL-all c£.J^^ t3_>=*- L>* <jy^ J * "* 

<j; ^.ak-aJI ^ 3 l-j cliLxj^i (jjjlswLjil (Jj-q f '»t£ ^ji^iiil •' •' 

0jL3]l cl..u*(\,.x,xi^\ ^Uu] ^jLujjyi (j5^3 cSlij a*jij t Ol^ia ( _ >5 ^-s ci- 1 ^ cl)^‘" * 

Lj--® ^ <..r..v^ A,»Vl ^lUj] . ^xJJL l all e?„x\Axxf k )j \ ^ 

-i-)-ixJl ciDi c ^1j ^tJ ^ l.X4^.^g jut, ,V)j ^ U^. Wl-> As_j Aj n-LiJll j Aj^iSkJl ^La-ak.yi , t 

^AaJl»-dJ AjC-U-uea ^aJ j ? CllLajujV 1 (_>al jik C5^ C ’ iJT^^ <— , 

.^' i.‘^ 

(Jji l.A J d- j j 1911 AjLxM , S^)ju<a_5t-<Lll AJaJLaXo CLlLq-vjjI ^uL-ca-^ 1900 t 

i"_U*ljuoIj 1927 Al^i j ^kl jj ^a-J dilcL_uoVl ^T l™3jy Ajj.1j£-jujV^ ^ 1 

* . u j » >. » ij 1 948 f^- 0 (^ 5 - 3 j . 1929 ai^jj (j! t*Vix> xJ a£ j-^u diLijl ^3 a diLa^l a% 

- L3jy A_i>i j£]| A£^JoJi du;xj,til3 1956 ^5-3 j . (ji^^Ilj Jli2)13j^J CliL a jut V A-j'jJl j^ d S/ 1 A*, 

J>i]| A— 2^-3 ^3j . ^>*^a^o SJJUlILq (^3 C vixt^Vl ^U-sa* ^LSl3J C-U*». . ^1 

;lial A^Sn CA£jjiol] Ol£^)Jall (j-® ^3 Ara.1^11 AjI-IJj ^ ) ** ^ 

,Sj 3 iIi cdlj Aj^jjL-aAll dlLo \ ^ 3 > , £ . , 3 jl Aj ^af v*. ^a , a .ll ^ 1 


:(lYfaterials of Portland Cement) &L»LL 

:(Lime Stone) I 1 ’ 

A_i3o (jj-£3 ji L.,.y..^j jL^Vl oji-A J .eLilajukiVl ^^-33) L5 -3 Ajjuu-OJ ^> 11 A_>al_aj| yM y 

A-i LuiJ L^_j ^Lrwak .1 ^lAaJLujl j ,%> 5.5 c _ s — 1 ) (J*^i .3 \ 5 vj\L jg AocaJ ( t X) 98 ~ 90 ) ^>>* ^ 1 

jl.....> a. I Sfc.1 -toll ^jJLojVj . CljL3j^)j£il j £--!>L_-oi jl < aj J xja.. 3 &LcJl Ax^aJ^i (Jj-* A jlU 

^^uiLtlall ^ 1 -^- -v y i ^lAakJLujI Aji Lo5k ^ wUx l* y ^ y 


;dUAM»Vl 


a CjI jla^. ^^JbLo (JjUil. 

S^ajLwa *Jbaal ^juj £3 Clua*. ^.u^xvl.l Ifr l k jj -v < o\ l ^ j)\ ^n« £a ^aj 1 — ^ 

;5j^>Lq A-obLlI SjLoII j 

ual^aJl ^jS C5“^' cS J 12 ^ U^J^ 4 L5^ jXl*-u3' J u=^b 

^ <»_j jjXIolaII ^axjali (J^a-o jll 

‘Ut>o At,^>a jIjjaII (aOxJLJj (j^J 0 ^ 

^ Lju -3 ^gJalik^j AjjujLLxSI <■ : n a Vila ^LaJI (Jbxj] ^jj < — u> 

| ^jj, 4fc . A i> *i | 

, AaaJgujj Ajj^La^j ^1 ^ja ( j^>\.?vj.11 aJ^^11-a 11 SaLsJl (j - x ^ .* Hi ^ij 

A_iLa£ 

^ j\ J^il U^afaJl cjIiaI I (3-a j-A J 5 jl j-i-ll Qjilt JL^ 1 AaLaC. <*>i 

j A^la3 Ac. ^>x*o JJ-Ajj (J-al^ J^J ,.>** 1 80 <jA' <-U-=h2 6 C5^J=* 0 ->^* > 

AjIJjjj . (A>>»*A. laH) <S A$-=Jl 0>» ^ A^*-^ A^asJl 4>a dsLaUJl cJ^‘ f 

jLic. aj^ a^- j-i 1450 -* cJ^ 3 j cJ^J' «**=■ ajj^ 4 a>j-^ 50 ^ ) ' 

a 4j ^1a A=W jJ 450 O^r £ j' J& (j jA . lil l jlc- Sjlj^ A^J^ ^ . c5 >=^^ Allalo A >U * 

(2-2) ? c3>^l AilxLo Ajl^j Ale. AjjIq A^ jJ 1 550 cs^l lU-3j 



jijall (J_>sJIj i 3 ^>=^ ^oJajJ ^Ua 5 ( 2 - 2 ) J^> 

•^^Aj Lo£ (Ji^l-i c! 1 jJ 12 >ljLo (j ^ a jA\l ^£.*j i 

: (Evaporation) Ail^u I 

Aa> jJ ^j-A ^)_£l A_r*.^)J CaL-oliJl (Jlaljl ( AL? <■ * i.^ O J-^^ A-jl^ (^-i 

C-La A j AaaA a ^ CjLqI^JI ^ ^Jl ^Ia]| IajoB ft jUUJl 

.(Calcinations) a^~^ Ail^La - S j 

a - ; -> j ^ t o^-il^Sf Jlfcall ^ O^LJl V lL L > ^ JjljaJl 

< 1 •JLjfcJI * 1-4 xlkj (ci > 4 ^) CjU JJ*J 


:(Clay or Silt) a^aJI 2-2-2 

^ ^ Ai'^yia CiU^Vl <ji U^jlVl j JUua£V ^u_u J l 

. j»jajuJlS]| JjdyiSl 

‘ lS <3-SaJ (ji ijiAJ A jnM l Jt J_j| J ^l-VA.I ,1.1 i_'-.. •. ,jLa La^c. j 

'iL^yUj _% 32.5 J 24.5 UH A>a uJai JlaJ Uiu °/ 0 76 J ^ Jalojia fjjxJISJI 

1 , " 1 -' * LS-* u'- ic '-* J J axU u iVl (jJb Lixa jlVl J .XjJLaJt ^ .^...< 1 Jjxa.j A_a«aV 

.‘(Cement Industry) 4 &LL*a 3.2 

,‘^xjjj JaJi ^i) l^jij AiUJI Ai^ui ^ J jVl AJJ^UI ‘ C.u A J'J\ ^ A\ (JxSSj^L 
I* ' JaLk ^ Ajjlall ASjjUt Ui i Aj*jJ=JI 1 a *lU . CiLoxuVl CjUjSa> 

, y>Xxl\ c 1 _ai 4 S^ 2 -u.V o»j {A S^hP-Vl Ajj^Ul »iA J .^uil 3 j-^j I g '". U ^ 

Uxli^all or^.J^.51 fxxxj (jxu (1-2) .^jlslt SjUJj ^JyiaaU <xjiUI aIILU 1^55^1 


c 


t y A 

J^^.n jx>x5l 

; : 

^Lk3\ 

a.>Vl 

jLa^.Vl jajoiSa 
AiijJali 

11 - 

t ll 1( ] 

( &* <j^=> ^ 

1 

| 3 1 [ 6^1 

I 


" — It — + ~ 

^ jlilsll 7rj j± ^ 1 ( 

[ vj^Ja 

V 1 l - 



du^.Vl ^yiaxLkj JS -1 ( 1 - 2 ) (JS-i 


fl )M ill flj e_a £ .3 ^sll ^ ^illkxJl IgJLuU J dA.&^-a]l &AA J 

' n—yi cUb <ilixj| <3331 40x^11 yilo (2-2) J J^J .IS^V dib JW 

(Chemical Formula) ^4*^1! J j^JU C3 Ja*j J ^UJI J l^LlI 

*\1 ^ J (JJ^aJI 0 ^-%-all ^cluj ^1 S^aSa^M a j M ,^<\ \ 

' bLc>o (_3^;b*;l| ^1 j «wj ^LjjLixiS dAio „ ^ iVl (J. jl^ . l Aju I^jLuj-sw ^j.5v^j 4_u^p^]| djlj£^allj 

“c5^ba U jU-alkl (j£xU LST^'j Bogue 

I JjVl ^JlaJl 9 

0.64 — 'j V | -V l l ,_]) l n tajfy I 4 i ' ..*< Cj S*'~' ^ a^jc. 


/f/F S 0.64 


(1-2) 


(* 1 ) cf^dl dji*Jyi a^jVl d,b£ >bl 04JS3 Jli« (2-2) dj^ 

(*3) • d . iVi' l (*2) 


U-“ *' J ^4=— * uj^b % 

dlia^Vl 


dX ul 1 a X 1 1 4 i >«% 1 1 

* 3 

* 2 

* 1 



73 

33 

65 

C 3 S 

3CaO.SiO? 

2 

48 

8 

c 2 s 

2Ca0.Si0 7 

7 

5 

14 

C 3 A 

3CaO A1 2 0 3 

1 14 

10 

9 

c 4 af 

4Ca.Al 2 0 3 .Fe,() 1 


OUS^JI ^ A^isVt CJUji^u 5-2 J1 2-2 t> oVjU-dl ^ j.jb-'H ^ 

r^S 1 = 4.07 1C - 7.6005 - 6.7 1 8v4 - 1 .430F - 2.8525 (2-2) 

C\S -- 2.8675' -0.7544C 3 5' (3_2) 

<\A ■ 2.650A — 1.692.F (4_2) 

( , < ^ = 3.043F (5-2) 


;3_uUll 4JbJl • 

: 4-JUll dj^jU-dl ^ (3d=^ o.64 > 4^J' <^lt 4 j-« jlVI <^u uj£j 


4 / Z' < 0.64 

< >V = 4.071C - 7.65 1 - 4.479 A - 2.859 F - 2.852 S' 
C 2 S = 2.8675' - 0.7544C 3 5 

c 3 a = 0.0 

C a AF = 2.100.4 + 1.702F 


( 6 - 2 ) 

(7-2) 

.. ( 8 - 2 ) 
(9-2) 
(10-2) 


;c-uauiVI dtLujuVI diUS >4 jdilj j dn a VI 4aL«) <, • 

< cincnt Hydration & Effect of Cement Compounds on Cenieul 
Properties: 


CjI-A-c. ^ . t L-JI jLaJVI (j-a ObS J*l\ iojj dil^bU _LbJt *L, JUU.) ... 

■*'" ^ blj£2ui ,_)iij3 jAj oAa. (jlc. tUI ^ AaJy** t-jS >« JS , b U.ll 


Cu-^bU CdjVt cjloS UJ^ ^ jUdV! ts-9 ^ 

X'-lbi ji $aS 1 s5& j , (j» J4-21S1I dlllUijlij 

) J<* 4.-1- ^ 4 •'. „K\ I 4 a1-,\^ 4-)ljj ijc. dlia-abu 4 -Jj^ 4J d)US <^1° 

■ij.i-ujil Cjt.ij'il djl_iS_>dl 1 ^ o ^ •‘ U j . CjISoL-ui 

- l_a$ ,-Vl4...bU 

f jJjjJISII AWiSi (j^i 4j^uj j U±4jlVl t>4 JjiaJl . YU jSi (JS^ - 

( ^_-a Lii« j5.1V ^ ^J. .' 5*1 1 -*1j j--j . jj . . i 1 1521 'V 1 ' ir ^ - I ” i! n^a^li 

\ U.| N n llSJ l djl—li-Ajii t ^^XuiJl£Jl AU4J_£i 

Ca-ujj | ^ cjISJLui f A^i c> ^ 

(>4i AdaJb (Formation of Melt) £.bjjV 

c 5 _j!Aj C JSlL^i Ai*al-£l cj-^a *3^ 

(jjAj j 4,a-ac> ball AijuJ^l^ ^^Uxll^il - Vu . ^ 1 r *' -sa ^3^’' Li» ^ 

j<;K1 Li ^ \ \ «vl l i-zWs cIiIajujVI , aL^-i! 

: (Cooling) AJ-jf 51 ' -£ 

jll Jla ^jSj 4jUu2- j j Jjl ji jA j , jldSlI fUJ (jjill AjV 

; ; aja> nil J (3aJ=Jl J [ju is db Jal^ . 6 

( d4j , j<-'Kn ^ji (diia. .,yn ojj l> %3.5 ^ < 4-^ o^' aiU - : =*) ^ 

doia—ibU 4_i ^lladl 4j-a la mil 4 ~a l > • ' 4. 1 1 ^g 9rai dij-aj Lo^aJx-Uj Log-tsda 

;Aafjdll j 3j3aaM .7 

e9 -i 50 cU u3.JJ O^ 1 ^ rn x i . ^ Vl Ljxj 

CiLoujoi^I c3-^j tdr^* l 3™^^ ^1 j-j-sa ^-9 d \\ a,kJ^\ (jl cJ-^ A JJ .-lajaijiall 

<s\k^o, CLlU jC* ^ 


Ji\ ju^t£i 4-2 

a U J ^ jajujjoLailj AjA^JIj Uji-ajiV^J (jj%L3l J e ^31<JI Alx*)l£l 3^ * — liA»-oSn (jj^3 

.2bjJj]| j A^l^Vi ^ c_5^ (1-2) (Jj-^j 


:c^j 


A_3 3^^ <33-^^ AJjuaaII 


S ^^Jx-«CilLswsJ 1 0^)^4— al ) 

^S K i\ 

63.0 


c 

CaO 

22.0 

KjUl 

s 

Si0 2 

6.0 

1,‘nxi 3^ 

A 

ai 2 o 3 

2.5 

cALa)A= 3I ALu^i 

F 

Fe 2 ()| 

2.6 

1 u,-,i-dl 

M 

MgO 

0.6 


K 

k 2 o 

0.3 

djbjffll 

K 

Na 2 Q 

2.0 

ulu^Hl AU4iSi dillii 

S' 

so 3 




'J* ■ 


=w 3>o 3 j^1j d-xloj-uVl 3]i d c3^ 

.C 3 S ^ ( 1 

.C 2 S = dj\£jU (2 

C 3 A = f ^^5 djli^jli (3 
,C 4 AF = <- >^^l J (4 

CS 111 ■ (5 


C 3 A A-^aS - j ;U31 j • 

( ’ 1 A _pki c- jyy AjLLui]| AJbtaucJlj J^jl-MaJl jLrxj'/l ( _j^q ^^SxLal\ Cjj/rv j_pV^ Aaki) 

. djLu-o j]( jALXIi c^Sk^a £ciij j 

2 C 5 <4 4 - C 6 AS 3 H 32 + 4// ™> 3 C 4 ASH ]2 .........(14-2) 

v m . „ < Juk ,«.> > V 1 fuk ^JLc. !jp& jjJjjV CliLifv^p ^ ka-ij pLaXj^ a~a .^.SkJl^ C 1 A I 

;iafcJai! 4 -a^jlia JelijJI CjV-S*-« i"M.a.mSn 4 ALal jjjjtjj jjjIj 3 f» I 

I'.ffect of Cement Hydration Products on Rate of Hydration nml 
< ompressive Strength: 

L jl A.L. CaxoajiVI dlUS_^ AaLo! <J-i*-o jx-L^a jJ (3-2) Jv t 

ferrite (C3S) ^ 3 j pf-dlj) ^ AAt-oj ^ jj > . ilLfLii , ^-1^-1 *« ' *’• ^ 

.(C 2 S) Belite “Aj (< ',.M I 



G»ja) _y^i\ 


CLllAxJ)j\ C_)Ll£,^p AaLq] (3-2) 

' j A A_1 a ^311 jj ? JaJLikaii A-a jULo ^-2 1 <3^ A-<gAXj~^ £T-iJsijjJ3 (4-2) ^ 

.(^-JjL^i A*jJ Aj^Mj L>°) ^ .UicudbQ p^SLpll A-ajULa]I ^3 (jl ^Jj^xlIII l ..-v ^ 1 1 


:^j^m1\s1) cjI%1u4 4aU 1-6-2 


'< \S + 6 H -> C 2 S 2 H 3 + 3CH + High Heat (1 1-2) 

j aaLg-cJI £> j^juJtSLil djl^-iLuj 4 — pLa cJCny^ 6 + f ^^4 dl A ^jL a 
Axiij^p P^ji^p. 4 * (^-pJl) ^^Uja5l£li .IHx-a^j^JUA ALiLljJp 3 4“ (CIaIajuiSM 

2C 2 S + AH — > C 3 S 2 H 3 + CH 4- Low Heat (12-2) 

(l^JXgjujV^ (3p) AALaXH CjI^jLoJ ^ pl*Q ClAjJ^p* 4 4“ C-jlSkjJboJ 

AjSLiXA-ia p^i^pk Hh 4 

• ? ciA5Lii_*ui ^kUu a__j c. dj\.^j\ , jjj rv, )\ {^jl 2y^ 

# I JU Aj.uj^A^ SjLg j AjJlS Q j&3 JjVi ^^-3 SjLgJI oj Aj .(C-S-H) 

) j ^aJ j 3 Aj J 9 - 0 II AjLuj (JaauuoJ ^jjui 2 k Ji&IjujJ A3^a 1I AjLui^kJi C , U*n JUC- j 

> i 5 ]! ? ^ 5 ! 1 «... i\ » ^ajjl ^^3 SjLoli 0 J 1 A IjLL) Cj3^]1 

1 4 jjJLull A Gjj . 2 ^ SjLxi (C-S-H) aAL-q1! ©1a j ^ \.\ > A-J^i SjlL-aui-G AiLua^pk. ji Aj ^-0 0aI3 

^tLcO V] j V V^-S^ V 8 * ^gj lj x kj^^ l djLulLj 

i. k. vbj jlArt AjULg-ujSM Aj j-oll AjLuj^pJil L-jLi-ulSj ^3 ^AiSLvll ^aLuxaII ^A p^LaJI oJA^j 

» ^5k pll A»A jULoit 4j^2UA^o]l f cJ-C.lij]| ^^3 ^^)-juj 1 (a j)J xk i \ \S2\ (jS -j!!Aj CjISAjo: Ji 

41111 J ^ ^LaS! A^JU-aIU <uAV^ <■,,.! >J cdlli A-jllo LgjL&Lal (j-o A^*_a1a]| 0 jl^pJlj 

T'odlSJl ^Ljj >n La! .( 2—2 ^>jajl) ^J^pua Ca\a..m }J\ ^^-3 C 3 S AJ^J 

i'u»_jujbU 3^pk.LlLali AajIaaj! ^^3 J&LuaJ c^UjlI ^ AijfluJa Ai<a AjUj-L&Il ^g-laJ Al&lilia 

.( 2-2 J ^ 5 ^?^ CLu*£uu2^\ ij-3 A 1 . U aJ AjJ)J (. .. fU u l l 

i pJll l_^io ^cl_jj ^ j^jx-ki ,.ll£ii ci jliLA- j ui a-aLg] J ^cjJs>u-1j (12 — 2) 4 ( 1 1 — 2 ) ^kJ^Lx-A]! (j~* 

. i'waJ 0J-1& J> SjLa (jx- Sjl^O jAj ? (CH A1 ju£jj3jA) 

( * 1 »!Lcl 1 | ^jaILg ^^juiXq ( 3 ^ j C-JSLjJt ^1 ^^Uii C-J j^5k l ,*.ja^^ < ) ^. lA. l lj AI^^juoJ Ia^JJ^J 

1 * 1 VJ CH *aLa 3 > J ^jLuijyi A__3k.llu5k.l La ..1 jc. dllAjyjSfl ( — flVjjaj£l ^jA3 4ll (JjJcaa Cy*j 
>lv-a 3ki=kJ (^111 jA ^lall Jauai j\\ IjA J | 1 3 (PH) Ap.^)3 -laj^jj AjUja^pJ] 

•i | *u (3H A_ 2 k_llj l^lj^la AjUuj^pJl Aiij LoAic. V) i^U-aJl CL)2 l=oV j (jjAJ 

Aii^aJlil 4 -iLj ^gJi (Jjjk-^ailillj ^SjUju) LaS JOjuuSI ^gilj ^)lc. 4_p-^;Lk Aulxaj£ . 

Uu) 2-6-2 

' C-i^jua CalAjk-uV^ Cln^-xAibU (jjipkJl C-jlj Jn Lj ^ai 131 j } p-Lall < X-a aL=^J3^\J P jAi ^AA 

’ » >)-+ \ 9 "\ \ ^c-aj^j-J l_j3 lAA Ak.\_j^ ^ pLaII^j (jjapJl ^x-a C 3 -A Cjl^ 41133^ .Iaj^pli 

La£ (Jc-liall I3& f2Lij ,A3U >11 jl CLxLajuoSM 

.C 3 A Cy* * J jXj^a Aj>i£ [Vji • 

(\A + 3CSH 2 h- 26// C 6 AS~ 3 H 32 + ///g/z //ea/ — ( 1 3-2) 

AjlIIo p^jl^pk. + Curv “ pLa + ^jjUPk 4 * Ckl^jJL, 

i ^ ** 1 ^ Aip ^ Ir. p ^LlIJo pJ^La ^^A (AaLa-a3I Aj.Vja jty\ ^ jAjuX 15L3I Ckljj^}-i£) C* \\y') j$y\ pjLaj 

41 1 J j C 1 1 I J }\^ U J ^ ^ -,a ^ ^ '^4 k ® ^>Xvfll3 j ^X iIaJI (_J 0^1 2 , tx- 1 !-*- 1 AjuLaiLa 

hfijL+M blujj 1 |j^aLSu- 4 t, Ii *<■ 4 i n i ^ S > 4 ^ cl iA A- j] (Jill j jJkj , J-^V^ J | ^ 

^ )UH 


ji AiU-ob t 3 jL=Jl ^ Sjl j-sJl Aj*j 3 q-% . J ^g-ic- ( 3 -cudljj A - ' i =i 

. AaIl^aI I s ^=Ji Aa. (j^oSLkjj Cl.-U.-v ; JraLkll $.La d^l^v. t > ^1 

• (Hydration Mechanism and Hardening) s- A^I Ij aaLoVI ISLuliv-- f j 

jJajI) JoLkJj t'La ( j^ j au^ij ^ AaLo) ^ 3 c. AJItv ^ CaIajujVI C..iLojuibU S-Ldl AaLCal U* 

‘ r j*-ItS]» C-S-H cW» uj^i i>. J>J' jj>» t*j «(6 ’ • 

. CuL^sxili ^ cd^nlt wt » 


^^3 


^'.jV 1 /Av 

ur^VI JcUill (i) 

j»l/i 7 A^c. (Jc-liill (c-j) 





^28 Ale. (Je-iall (-») ^ , 0|lnl fjJ 90 Jjc. t>lij 3 l ( J ) 


O ;UU* siL. C-S-H 

fc>r 4 Aj^ajuili CnbbljiH 5 tcJ ^ e ^ud l£]> jluoiSjjJuA 

v. -a Lq.^ 1 V I A-ALaV c_u£ AqjajJaaJj Aii^iic. ( 6 - 2 ) cJ£ 2 j 

A*A? ‘( 7-2 J-^l) clllAjuuVi c> A ^-v-K J J^li , - 

c^Lx^J A^jliJi ^ 3 -mVi c*Lte 4 J-ILL 48.9 csdj ^iLLo 3 1 .8 t>* ‘ 

,uu ,VI 

CjI jL_oa!I li^LL-o (J^dl J“^a 1 l)j i Cl\ X > a V I (j* <_£jiJ efyaJ (J^l^L) ) J >* * ’ i 

J-ih ci!LiA ^IjL-qj ^jxj djlc.l^i]| btojj taL^alLall ^ Sj ^ , 4 ! A , ,* * 

C" J ~ Q -^ (~0 f° (^) ( L r J ) ( 6 - 2 ) J^-^J .lWI AJLco jiJl j.* pi II ^ 

oxc. (jJij (j-=Jt (jj ^3 A^iLac. <ji c^t-oVi ci.L 2 .nl j s^Lij ( *_-a C-S-l I * ^ j ) ‘ yl 

d)wolj l _>3 0 ^ 3 -^^ (^-° C ... f\^ ... o Vl A, jj>r . A^sjUo JlaJU j t ( 8 — 2 ) ( J^ j h»l *1 4 =^ 

. A-f^w jli. A^l ^ Ai, % 4 4 j jgj| 



0 20 40 60 BO 100 

(fJ^) 

■lajt.A.^a]l A^ci ClxLojuo^i A^L^aJl djInS^all A-cALut<a ( 4 ” 2 ) c 3 ^ 2 j 
L L c . ^ ujbU A_-a jlJLai) u!^ j _ JCLunli ^JL-a]l ^^Jti A-« jtJLoil C2S 

C2S ,C 3 S W 3 

:(Heat of Hydration) a^UVI *jl^ 4 - 6-2 

C 3 A, A-AUj) ^y-o A— 5kjLl!ll ^ 5^)i^)_^. ^OJLJ CIiIajjjVI AaLo) (_jl ^xJra.n (3fjwi Lo-o 

,C 2 S jCaA ,C 3 S c>* cJ-^ cJ 3 Lk Ajixni^i s jl ^=dl A-_i>a^ tA-xi 3 C 3 S 

69 4 12 * 212 4 58 -* 490 ‘ 225 4 1340 ‘660 -j C 4 AF 

jl-a]| j D^jl^pdl JAjca 3 ^ Al^lxil ( 5 - 2 ) . ‘ . CS‘^ C ' 3 AjO 

JalaJl AJla^d 


Slaoo 1 



,>J> 3 lj D^jl^pJl 3 -^dajl (jAx-a A§blxJl ( 5 - 2 ) (- 3 ^-^ 

L5"^^ ^ AjjIjJI 5 cj-^.5^ Al=h.^all ^^3 Ajk^p ^yx JauxlMj y 

a jl j^JI Lai /j*il -?k)J a j AjI l.^...ic. ^ 11 ) V -lalAJI 3 ^ (dilc-La) 4 — ^) 4 i.^g>) CjIcLuJI 

CjS ,CjA M'-pj s jt> a ^ ^ ^ y jll^'^JllMl < 1^ ^1 ^ 

i I ;1 jl 5 ■• " ' , . *1 ( w >\ .\i . •\/., \M 4 1 I . 



C'a\A -l-uSH ^aJLj j! jAll 3^ Cy'\ < A u i )l\ (3^ 

dilo-oaVi A-jjaus. <j-al j-L> ^g-Io jJjCill <^9 j4j£ jjA l$J Cuia3Vl <ji * i 

^Lo . C-Ua a 5U A ^ aJauuJI A^ba-di A-JjJ j Ljla-uaVl 4 Hf =>» Jb CLaI j 1 *M 

;-^ai ja» C:.,UaJ^\ 4a jx . j jjjLj £ - * . 

( CIjlLo-ujV^ c*La ^5-3 (joU^aJl 4 >1 .t?J 1 A_>jj j 4 _aL>V1 Jaxa 3* AjJj 4aJ-*31 SaLj ( | 

.Sj&xail A * jliall (j- > . ^ U9 3j£lail <J*41 Aj-<^ Ajjla 
Clol<x_jujVi 4J j<a AaJbuaJ } AaxJuLoJl SjljrsJl As*. jA 3* AJ jj 4 aj*-JI ®Abj ( ,' 

< AjLuj jLlI j 

a \*,a\ \ CjLuf^Jl (jc. A-ac-bil 4 jLiJLaJl AAba) (J^*u ( l 
^Jt. \ \ Sf \ Aj jj u^]a1 jj£ 1 LW ^Lal ^r\1ro ^c-bil < ~' i \ A j .J)i\ ( • | 

J .A A^\ (j_c. £cjLj}| JAaIII (JJu) du-Q_ujbU ur ^s*JsA\ CLLuli 3-« SaLj j ( 

. (Ajjjbil 

^JSj (J-.-L.La 0 „ ,1c. (JLAILj La) } CllLajuaVl <3* A . LbL il aIjaJI 4-AaJ (JiLS fl* 4aj*- 31 (j^ * 

cjUus-al j-oii ls-^j . 200 f»Aj <J L5-^ (J-=blb , (1991 “3 73 clUx-o! y*) l ' 

3-a (Jj£l %10 ‘ 5 3" C ' 170 ci-^-La ^5-ic- j j A_jjla]\ 4j. . i il l A_sjj SA-=^ >‘ — 

ASTM -41 Af u bi b Lai >,..v/»jSH ^3° 5)>^ LALaxuaVl J l^aUI! ^Aj^Jjjall LaU 

(_5 j_l! A_su jJa Aja.jjJ . d UAjua hU %20 (3° 200 (J b .iA (L _ 5 Ac. j j>;v . a ll A-ixaj AjJj vl Sr ‘ ■ i 

4 a i ^L ^)^Lj_jua\j ^ ^^ajuJL Aji :v 3-1*21 A^-LoaII (^J-uLs A-Aj p - J l (Jc- 

AiUi^ oaaLi A^Lo-all o^iij j t (ASTM Cl 15) (Wagner Turbid Meter) > • ' I 

A--jjL^>^S Ajj^jJa A-ula. (J^L-Jx <3— a (jJ-joajjAllj cllla-j-oV^ (3— ' 0 w )-^^ r i ♦! 

er-i Blain Air Permeability Apparatus .(Photoelectric C.-ll) 

^)L (3-° (S c ) ejUA-ua^J AjraJa-uaJi A-SkLn aII ^jaLII *^Aj ^BS 4550 A-ljLlaJ^ll cljli* A 

.X^AaJjj 4 CLuujuaVi (3-a A_i-xiaL3 A_liO J^LL (^^jojLS JLi-Ja diaJ) ^^LaM 3^° , '* * 

j^Jc. LllJj (t c ) 3-«3^' A^3 LaK j 4 CALa-xxVi A-L& (J!)LL lAA Lliii . *«j| 

.dllaxaV^ Aa )• ‘ i 

■S' C = «VT ( 15 -2) 


;^Lu-uL2l 11 4„n>»,il 2-7 I 

( Consistency of Standard Paste (ASTM Cl 87): 

^ C il uil S^aUL AjLa^LJil LLu 3^3 ^5~b- \ _>A)Lua l^iiL 3^3^ ^ >^- v M • J 

J (pLaj CLLcuuai) CLua-j^SH A n> *. I CijIj (jA. Ug- A. i l ^ASJLaJ 3 ! c t>i ij 

^.Lail < it jjiJj # ^—ujLsil ^.LaiL tJJA ^Lail (Jj.lskA ^ -Ic- (_ji3aJ j AJxaiLS ( — Lax-uVl (^il f 1 *» 4 

lA A Aj| j-L-aaV ^ULaU (^All j ^CllLajuaVl 33j^ bj-uaLa ^Lali A_ujjil A-jj -Lai l A-IxauII 4 >1 i a - J *" 
Jo ^ j_La A O j~*Ja j-all AjlLa_jujVl A,.,n.>*.il ^tJa-jua 3 ^3^3^ ^xJ2x 300 ^- J 3j (JT^^ J I ^ ^ 

l t v H i AJil jla.xjjVI JjJSo) Jajj_L-ail A-a9 3-^ f^-' 0 1 — 3 5 ^ .jAJJ AiLuiA j»Ji 40 ^"'bj )1 ■ 

A-juLii jl jjjj > Is t jIJ1 Aj 1-^-3 4-^jbLiil 3^-LoJ ^=xjj } ^c_ill!ail 3 -0 ^ 1 5 AaUu.*! 4 1 ill 

.% 3 1 4 25 3 * ‘•^aVI g; >ii -b d 

:(Setting of Cement) ^xu-iSfl ^ t ' 

I » - l 

^ c-1 jill (Jxa (JSjJlli ALli AjaI AjuLLaj-kiVl 4 u*% w.ll 3^4 ClLLajuu^ti c-L‘ll A4L-oJ V^P 

JUy (Setting) ^ Ia/3 j igjjjAi A\)>*li ajju l*^ac, j .i^u^aI Alii ^ ^^aJI 1a^ 3 Jfl 




% 0 ^fcbal 



3^31 f~*-=** (7-2) 



rJ 2 flj (Xj Al^ 


, 3« AitLLA g I >iV j^aoJI y JaiuL-idl ^LojliLa JJJ Ab!)LJ1 (8-2) (J^* 

:( Physical l*i-o|»criics of Cement) ciixu bU o 3 '^ 1 7-2 


(I* 1 Iih im'h of Cement) « *n^ SM A* j»j (-7-2 


1 2 ^ jb^ ^ j < — jjj jVl ^ l^ac^a j ^1 j <&Lu» 24 jjj -4 

' ^ 3 “^ J ^) 4 -- Co-^ ^ ^ SjLj^II ^ 5 -> \\ AaI I (J^-ia ^g -9 3 (^Ibbj J^ju ^Jj (J\j, i 

S -M E J ,%4 c J-G’ ? J }-y* '^ Lal\ JUjuuSI Ajjub cLlbj) I jj cJa 2 >l£a ^J jVI ^l.li»bj 3 C-isoj ^ # 1 -i 

> ^ijiJ c5jj^)--ba jbau Jay -ba ^Ll aA ,> a lj f cLiIa-ujVI g4jb! ^j ^ x. x .i ^g-9 %5 (j-C- Jb) i; 1 

.(Jcalilil '^> jJm* .«' 1 i 

-du^uuVt 4 Jj 3 JhaLJal) <L» jUL» N 

Compressive Strength of Cement Mortar: 

A_ui>«i_A-o V i 4 b>-o]|j *bb-^j 3 l 3 V ^ lIuAa-jjVI C 5 -jujLu»}V^ cJ-ol*JI -bi-ball AajUsLo (J'» 

SjLC. ^g-lc» -bxjba U C \'\a >» Vi A_a jlba < — SL 9 j JabbaJl Cblj)Lg -3 ( J ^-vll bujLuJ ^ 1 

Ui 

.Abba^adl C-lLcu-o^/I Au^aI ^al cLiIamiVI Aba . 3 ^LjucwVI ^^k-Lua (Ja ( | 

.3 3 \ 3 I 4 _a^Ha 1 ! 3 ° CLuajuiV^ 4 -o ^*-3 3 Jib j /J 

.Jabball AajLLj A^jJ) d 3 jj bK ( | 

. A-ojUlaII 3*^31 cLaaII CIiLqjuj ^ I ^qlC- Jil J j I ( | 

.-bi-ball CajlLo ( 3 -o (Jbj CLxLoMibU £.131 Ajuub 3 jI_j j ( . 

. -bi-ball AajULa (J 3 j OIqjujVI Sjj 9 CbJll j bK ( (-, 

. AajIIaII (Ji&j CjLiAAjjbU (Ja^II 4 juaj SjjI -3 ( / 
Ab^l^a ^ ^l u i . 3 .Jai^b 3 l CajUa JLjJi 31 ClU ^\ Ab ^ A_ 33 l Cb lbo l j 3 l j£ L i 

u j Aa 2.75 : 1 (^JJ I jL3 j\ Jaj Aj^-b j ^ 50 l$-*3U ASTM ( MM 

.0.485 hk jj£ CaI x uuj I J) *b «b*i 

tr* ^ 160 x 40 x 40 jj^Ia jUlkU <J jJl CojlLa jul^j ASTM C 3499 . I f 11 

, )> W ^ljL=kl_uU Jaau-JaJi L aA _ jl_uiwl } c-l.W, ‘iV 1 r I • i ^ 

■ C 5 ~^? (fc c ) >. o bU * >i! l 4 -a^ 13 a L_LiA2vj^ } ^<j 50 . 8 x 40.32 bd^-^la « ,' i ( 

A; 0 . 62 P (Kg/cni) 

( 3 ^ 4 ^ W 4 j j ^jaLaI) A *n» \1 3 -°^ 

r - / 0.7 U" 1 -^ cjLu^» 1991-373 CjU^I _^ 3 I j BS 4550 (>jU < i , 

. u I :3 oi^i ^Jt J-j V-ij 0.40 = W/C t> uj 52 ^j 1 U..I > ,, 
Cal ^ * La W 5 3 JL- 1 00 *_uAi. U^ji BS 4550 >• r 1 ‘ ^ 

t ,i A-ojlLJ ^gJc. )Aaj .Aj^Ua j j » ,. ^» jjjS |» 15 j 'Lfuii j (I i || 

. \\ ( 3 ^ 1 a]I J-bjl) U* 4 1 

: (Types of Cement) £ &A * J j) £) t>\ 

. 4 - i I la . a dlLa ^Uo 3 **^ ObLa-al ^ a] LibLa ^JLjiJI (J^ba. CLlIax^V ^ 

^ ^ -cr fl Ci , \ a> 4| , 0 4 

<3* %90 t>° f-i aJLu j j ^jlc. diLc*^l - 

ur^jjj-? L - 1> ^ a ■* H 'j o ^’ u <>- UA ..>, i jij cIjLjj jj 5 U ^jULa c 1 ua.miI j 

,uua dllAjL-oi ^ JLa 4 LL 4 A - 11 ^. ..1 | 


*! i 


■jUub Us^JuC . J i C^-lL^abll l5 -9 i^-U dzLil JLi UuIaaoV^ o' 

t \ W ^ \ \^ w> ^'^ 1 * Ji3 l^ji Jbj S^ixjMa 4_Uk^)ba. Jba -^ a t — ibl g - ^ -j cJ-o^a_l A. in s ta ll 

I yA\ (JjiiJlj cj^AAJ ^5-la. AJLaJl 45 0° cJ^V ui ^^JUj'il ciLlli 3^ j 4^- 1=s - 3 c : ■ ■*> J J 

•iwolj^ll AuMiblbj bbi 3.50 , 2.00 3 h» iiA c Mojito ^uIamiV^ 

1*5 4 32.5 saj 45 4 60 ‘ 75 c> cP'^V 1 t>J cfeV 2006 ^ 

. s-jjj j£\ f^lc. 52.5 ‘ 

I , \ux L-i-l l j 3 ii j CjIjuUI <4Li ( 3 ^-oj dil&Luj 10 3 ° cs- 3 ^”^ ^*^ 1 ^ 3 " 1 j 402 
\ AJa-3 jJ LjLoC. cSLSiJt 3 -aJ AJlajj .(CjI^Lui 8 -5 3H C5-* c>J>^' ^ 

ujbli AjI^J ^gi ^gbubl 3^^' L5^ ^ J 
; ^Lb^ duili ^5-i-o j c_i JJL . s cTjlSua jbbkV b-3sj 

II )bai CuIajuj^U ^g-kjjb^ll e-boll A^bJa] A Ja ., ^ .1 3^ 3°3^^ ' ^g_ll JLuV^ 3*0 ® 

. , J ^ 2 ^ ^ fMA 3 5 Aat^-oi Au^b31\ c1uamu»V 1 A ’u>c. ^ 1 J db%a 3^>_>] 

. 30 ^ 5) 

)\ ^ ^ ~^ J) clll<uujbll ^bbl AibJal A,. ]a . -v l 3^ 3 ^J^^ c^LUl 3^3 • 

*1) Jb C aS 30 ^ 0.5 ^aboiAl A u^ b l ll cluA^Vl 4 n,> c. ^ 1 Ol£ja 3 ^j) 

,(< 534^1 ^ 3 =bl Jji ^lala .1 3 La. 

: ^Lai ^ 3 j 3 >JI cU» j*ll 2 - 3 - 7-2 

;l^.lo CaIamiVI cd*l ^gls^ 3 j3 (JaIjc. 3^& a^jj 

k * 1 4 JolaII p,La!SI (_£ jla^d J1I3 boK ( 2 ) ^bjdll 3oj (Jb A JjlUm a H 3 31 3^-li 4 ^.^)J dj^i 5 balS ^1 

^•all 3-«3 cJ^3 cliUSk ; cli.La.MibU (( JaISuI I) 3^)^^ 4 ^w ^Ji (3 ). ^ 4 Ljal l 30 5 402 * — ^bxxubu 
* >• • >5 , C3 A 4 3fA L : 4 - .-jbu tilblA 3j^2 3' 3^J (4 ).l 3-3=^ 3Jib5 

, U fo ^A LaS j lilAJl 3-0 J ^5-B cdijl j L yix^l\ 3c. jLjuaII dlU cUb 

.(3-2)^jcJj^ 


-Vu jgli clbb AojuU ( 3 - 2 ) cjj*^ 


1' 1 ) >J ^11 ^jlbi 

3 ^)l^> 3 l 3 nK.u> 

Ill £L>^ 

II Ja*a 

I 

(Type) eji^Vi g^jj 

2.3 

2.3 

3.5 

3.0 

3.0 

C 3 A< 8 % 

— 

— 

4.5 

— 

3.5 

C 3 A> 8 % 


: (Unsoundness) cr^-^* 4 - 7-2 

i i bl I ^ Jo j jj ^ t ) ^ b\t 3-o -bull ^1 A_ubuj^)ik. ^g-jbjus 3^^) 4uL-sxJ AxJ c_iiAx*jVl 3) 

•l.-bj > » 1 JalaJl c-ba < x_a Ju-uA£>V‘ cdi 3 ] (J-C.\i 3 cliJLau Abb c 1 u a m o »V^ (mS ^ ifc ballj (^-=21 
i |Vi bju& 9 .bj j-bJjl Aibuj^pbl biAa^a. *JlbJ ^gJj c£JijJ Cb!Aolij d)^aJj ^Aj^aII j! bjboijb^ 
- ^^Aubj J } ^-bi 3Ji_c«^)^^A 1*J 5 JLA ^j^JaJ Jl3j > Jcl^b 3^-u£ ojbj^^ <- ’\ \ i 

l» Uj A_o ^ b -Ld-bjo-j ^c^bill lllft ^ Vl (j' , C! b . a A^rb l ( — ibull ^ A*_j o^b jll 

, # * ^ Cbbull 3-A 3 m1_2mJ ^gJLUbj j Ajbi-ki ^pjl -b-bk JLU& J^JI f J )J >0 ■^•bbl J 

, U\43 -ub^5 ^jJuuboball J juaJI Aui-b ujjl j UK ^>.31 dibuli J^jjJ ,Ala.!>Ul J^I^aII 

. ^ C3A 

I * 1 1 cIiIa-ujVI ^IJckljuLil A >.bj o^-u^ A j a >^» oJibjj cbjJua. ^Jlc. 3 ^® L>° ** M A^Ijj 
»# j ^ 1 ® ^ AjLlljbij Ajij^la bxA 3 ji'aj ^)b ^JLxj bl ^JbbbaJ^ . dilA*-obU ^aiva JI CbLull j\ji ra.V 
m .1 ijubO A 1 i n\ Jo A *< t -v ■ < Ajl ^bujual c ^ ,i,.a,^t> ^ A Jj . l . i bai ^1 ^ 4 i} ^)bll J1.a i» .) j ( — j) JS jS/l 

Moil O'W* J .cJ^biull Lr 3 l ^ jl^kll ^ Ac-b*. 24 JJ 3 4 **4J 

.^lLaa ktfbU ^ J “*' ^ Vt* ^ 0 - * J *. r u ui p2f)k (ui^L^jjV^) 


cJiU) AaJj 4iLjab CaWu Vl ^Iw-soj . u*L*;j J 4l„ j^H jU ^Jj 

.C 3 A J& J C 4 AF 4-UjoJ C>° csr^ ^ 

4-U^J <j-^l_Lkj|j ISjLJI < 4 ^ ojbjj Jxol Jj f S ji j^Ji la diLo-^S IV CjLum 1 ' 

, A^uyi Sjl^w cSUilj C 3 A ^ <ii]i£ J ^Lla C 3 S UJ^ ,^-1* t 

^-aj_>3 V es-^ Cj Liu La <-waLkj CjLuLLoII fjpA Culo^Vi I 1 a> j , ftU 4 

(ji jt-^VI <^-i 4^>4j ^gJi J <iU* ^ki! S ,1 ¥ 

. <**^01 jUc. Vl £* i-jULJI <>^jj f jJ 28 Jaio-^l 4 * ,< «* 

. *■ — s\—U^qjl 5II1 A ^a'vL^oJ 4 b-v 1 i." \\ ^ , >S j\ | % 

.‘(Slag Cement) d^Ut i *im <.i! > <* j 

-SJaalSS/l <_>aij cs^ Wj 53 iSj^i SjL-JI Aeli-a> <> ^jUll JuaaJ l .N.a J i. . ,1 

.^ U %5 %19 ,t£L~ %30 ,j*=. %42 ^ .cd— \fi 1# l 

. JsxuijIaII ^^3 AJjIb AjuujI * .1 " | 

°j’-^ *bJb oaj^jj (Quenching) <^43 ^Sjj tlm. 11 li* ii. ,j , 

^ •*->*£ uj^ <1^ (Glassy) *i JI , , N 

* cjj-A ^ - 4^ 1 1 Cib.tiVl ( ,m ■ ) | 

: (Portland Blast Furnace Cement) <^il' c 5^^3 jj 2' oWoVl (I 

<•>'“ <L ^ lS iliaiJI J aj . n n fljj AiiiaaJ ojLa <^41 CUia ...VI Jj^xjj i*. 

A3j ,0-=Jall cSJUJI (JTAj^bjjJI Cjiajtfl i> Aaaaj AibCab jijJxdlSJI 

,25 UH pjljjj Aii <Alj AJlal t>j .aJjJ aJjJ dnad l Aju-j j^UJ 

ASTM C595 ts-* 4 -^ c ' Type IS Cement <- lu V) %f,o 

.90 ‘50 ujj ^ > “ 1 . 1 g- a “" ) BS 4246 CiU.^.1 ^j| , 

: (Lime-Slag Cement) c 5 j^=d' c^u-S/l ( ,’ 

,^3l*JI (_g_ g . ru . i^ ^gJc. (J2a 4. 1,-v ' I L . tria ja jjaJI <jjSj . y i liA , 

: (Super-Sulfated Cement) eutjj_>4^ lUajII <^ilc. ^ , 'y\ ( ( 
4 - aUu> ^Jidl j.j^dl£ll 011,^4 AiU^I ,3^ (_yo c^iJI Lj.r.a ^i, Cjl^Vl liA , 

^ rJ . i-aA *Tr^ k ' lu “ l '^ t .. , Vi _ji _>j=dt <j-» cM 5 ,*— « (CaSo.|) 

<Lla Ala ■ Aj» ,, vu 11 Sjt^aJ) jjSlj j 5J2i d l a. ^ Vl liA oLliilu ,! j (BS 4248) ^ * \ j-.ll 

A^aj (Ji) t UA Jlaji CjLij^jSU A -L-.1 (ji LaS j L~Vu, i a^lj Sjjl,<- 

.OjSfa A-ajlla AaaaSj Laa dUAjjjj ojj^, ^ (jjSjj Aa4j Uja, jlVl Ljltij ('| | 


;C»l<uaVI £y> l$j£. 1 ^ I >j| 1 *t.| 

""' '”') CS-^jj- 9 -^' Cl ua „„ Vl l^laj i A_iaJUJI (J^aujl ^ pi jjl , , , | 

JA_ajE d ual au Vlj , (IS jLa JI jl_ll (J_la C_uV J j_jj ojl_a A_JI l_iL_i»_a tV A-)‘Al jfl 

^ILa^l ClUaaS cAiLiJ a 2 ] cu^i) (Expansive I 

^ .(AJLo JUL) ^1 A iL# ,41 

jjSjaII JLacij AjjLaxaJI JLatVl ^ ^AloaaJ ^yjll dlLuiav. „V I Ai .1 (_KLuVl ■"'•'-■■\ l , |*, ,j , 
Aj-ij J 5 tiJ SJAJj (Jla <_yaJ-)\ (j 4 a _5 ^ _>^a. jtljjj |( _,-*^l » J 

• /o 0.5 tin* c)^l o^" J j.i*aall ) it i, ^1 

OUtfjS Jia AJJU *JU CaiaaabU ^ ,J._ > lAaJI ClU-Vl J,ill ... „ , 

3 jl—JjAjl ^ ^liluLjV ClUaaVl 11 a J .*>hS L ^ lU 3 liLlj J JLa ,11 ,1 . t) I'M' 


-...riWiH & j& ASTM 4>41 jW^l 1 - 9-2 

t^J ^aaVlj ASTM - 1 ' ,> aWi^I pl_ 5 ii Caaidl Jc ( 4 - 2 ) JjAa. 

. .'U-.J ^ CjLilall ^ f AilxaJ csl'j cS-^bJ' CLu— SM I e*J 1 ~ V ’ < ' ‘“V' ji -bA. 5 b J 

, 4 j M jxvi*s ClaLaa.l^al V j' <~aLk. Cjl. iU alo l^Ub) 

4 ^Lkl« 4 jjl^ dvltt -’Vl ^ 3 lA ji ^ 5 -ij AbU^» 7 ^ C 3 A ^ 4 *^ ^4 H f*J 

ir i -Aa hv. ..,t p^buj (Moderate) 

CllAJJjKlI t> Aa?.jJ>> Aa^V^l 4 -^l.aJ I AjUa J±A\ (_P» J * 2 ^ cluiJI >JJ j»AC. All v 

djbj qAH , f 


ASTM c^a Cllo^bU 4 ^uaxjJl ( 4 - 2 ) (Jj-^ 


V 

IV 

III 

II 

I 

blUAxjjVl 




bj-l*-xa 

L 

j> ^u. /obill ^aVI 

» lUj^^il 


llw-ull 





4 JV-wI g aft 

djUilall 


4 ^ 

CjULi uS 


abk. IaX^J\ 




4 1 -^ . S A 

4 -XX.V.l 4 all 



40 

25 

60 

45 

50 

C 3 S 


40 

50 

15 

30 

25 

C 2 S 

c.nlkjlll 

4 

5 

10 

7 

12 

C 3 A 


10 

12 

8 

12 

8 

c 4 af 

4 r 

4 

4 

5 

5 

5 

CS h 2 


350 

300 

450 

350 

350 

(^ 2 w£/ z ^ (j 4 ij) 






JA c. 2 UC- Jai-L 


6 

3 

14 

6 

7 

(Vo) 







^Ul 7 ■^ c ' AALo) 6 j) JA. 

250 

210 

500 

250 

330 

(^ /<-!j^) 

-.. 5.0 > .-. .1 . ,« * 


A ^llc S_>£xall AJLajlia (jj 53 <^lil A 2 U Alo^O j c AjlUi Aj 3 C 3 S III (^J ^ba^Vl J 
, ~\ j ^J. , \\ (. 1 4 j 5 U ji I jiaa ejlaJLl! adi Aj_>j LaJlc ^ ^2 ,^b- aIaLI » jl >» , 
. ,| ^ ( _ s _lo S jU'-' l lj o jSLaA\ CaJU-alb f La 3 AVI t A ^jba ^jba > 

■ •' ) J J; < 1 I .iL.„l l CUb ji A J.h^ll 5 lUa_b' ,. 5 -a ‘biUaaVl I 1 a r'AllaaJ s^j .Ajba . II 

•< liU, Jill cubcLLill (_i WA ^1 obiball ^ j (>b 0.50 >‘- 

.Ajhi_Jl 


' 1...J JH C 3 A AQ.ai ^ialiljb Cjbujj^ (»jba dlia^l jA V 


aVl J 


, buj Ca^l^all Jjjlj JI AUbao ^Hl A_^.jlidl CULi_^ll CU^-U La IjU .allbxa^lj^^jjall 

.^CsAl^-Ad^Vl^ ASTM C 150 ^l—lja .p Aoa^dl euboHll 

, ,(%3.5 CjA L^aaj ai j3 Vl Jc. 1993—583 Aj^=Lall cuUaa=.l ^all ^h* 33 ) %5 

> (.jblbil ^ ^ jrf V i CUU-Vl u j ) a> %20 ^ (;>(', A I (,AI ) lul 1)>3 Vl 

% 3 . 5 ," < \A » j w Vl u, '■ IIS 4027: 1980 Ai-^i,- s ^ 3 b^iw ,%(, 


UJ) LJ-* vr- - . - - , 

jllll f » >S^l 2L. jUUM t>U4l Ji CjA u' ^ c^ 1 

I, | u \ \^w ^ fL Jf u ^ al.aj ,^yui y* CAkLJm) Aic. AJUm^JV^ ^L^A s J\ s-^4 


*.•• i 


5- 


V» IV « III dd^'yi g-l ji\ cl iU (5-2) <Jj-> 



>.IUJ jU JI 



Club. 

o'^Vi 

yuli 

j<‘A< 



A ,UjJ5La 

A,j» j i,lr> 

A.u«;K^ 

Ajjuula 

\<A..M JUc. 


- >L^ 






65-36 

64-35 

CEM 

II I/A 

i- >iu^» 






80-66 

34-20 

CEM 
III/ B 

i- t )L*m 






95-81 

19-5 

CEM 
III /C 

» - jL~* a 



35-11 



- 

89-65 

CEM 
IV/ A 

l- ;ibo 



55-36 



- 

64-45 

CEM 
IV/ B 

- ^ti m 



30-18 



30-18 

64-40 

CEM 

V/A 

- ;L- 



50-31 



50-31 

38-20 

CEM 
V/ B 


-VI f 

I |M 

j i 

t ij 
I |M 

< l M 


u-^I j lS^^ 3 Cy^ 3 ^^ l sr* ^ CEM III r (J j • 

djLc. \ 1 

j jj-J j\ LfLiL^j jLao A_ill lJL^j jjjs. 3 jLjc. CEM IV bol^ • 

u ^)j\JLa jba j 

jl—U ^ l—ol A_JJ V *-ibd J) Clliik j jELiiSLli .3-vl\*S. <_Ja (_J Jbu CE1VT V * — bxu-jj V l • 

| I c: . v\ ^ x^Vl 4ji AjSUI! ^-a]I (Joj .^jA dfc ba ^iC. JiUa ^Loj j\ L j! l£j L *i 

AJLjuj jikJ! (Jb oC-Vi ,^5-5 AJ,l=kJuJ ^aJLC- C-Jl^kJ J>M ^>2w2t3l Aj.4 ^A=w. 1 j-oJ ^All 

AJbjjpdl J A_i_J_jja]| Oli^l j-oll j CbbsoVl ClJij (ji (Jj A-s J L a -a l l 

__ ^l.lfk.U*i V j/ 1 


: Cil^Vl £>j jUi.) ^ 4JL»I 5 <» i 

(AjCji^idl 4alaa.j) ^uJiLuJI i_>L]lj AjjL^i^AJI CjLkLiJl (5) rA^) '“14 A_jL*_o ^ 1 1 A i. ■N_j| 

AjlaVl ^ ^ g-S^yi tf 
. • <”• » 

cS ^bo C5^ j* <JOl ls^ 3^32 <34^ 40 L>» > 4 1 

I ^)jl*--q (jj j) . }L q. H (jj^a 3500 ^bu^-sfLlI lS 3 CL^J-bdl Cy* ^ 3 ^ 40000 aj CjI.vj » ^Ij 

AjjJlsJl ^^x*a-all Ab^ai^xill li-db l.g_SJ^)^ 3jl1aj*3$\ j5k5j S( ) l ‘ ' $IJ 


] A_i\Lc- I-»» *. >41 bajULo ^jjSajuj Julb J ^ll 
cllElj Cljlaj^)j)K]l j CJjU^jfLli J-a A_2*. jjJ-a i—ij-uJ CbbujbbAlV I A il » J 

. CEM III A/C 42.5 c> J^V ^ ^Jl ? * * - 

. CEM I N42.5 L^' •■ 


.*2006/4756 f.<J-e ^iualj^l tUs ol^Sn £.1^1 4 - 9-2 

IlSEN 197-1-) 197 4_jjUajjjJ! Ah ..r.l j^]\ ^ya oj_ji.Lo 

. ) A ^ajl tlLlj , ^l-i . oi l jAP' c t£lE !_9 ,(2004- 

i J t j ! ^ . .1 j‘j C.) Jj 5 — C- 1 Ji—^a t ** 1 1 ^ » o V I J 5 1!5 o l. . ^j j) ^-1 1 < Ufl t n VI 

_ 3 ^ a ^ <** »«-*.. ’9 ' j djl3j^)j£JLl .aj'Q^oJ! {3^ cJ — 1 * * ' 1 

4 ■ . 1 1 J^ojl ■ *’* t*i\ IfltU i * j , . ,Sj l . . ■.ajj t CUAul^/l - f gj& CEM A a\S II 

v * 4 ' 1 ■' 1 ^5 1 A uia^v ; 2! 

. 1 j, jsj j) o ^ll j — >41 £4 — ac-^jj (CF.M I) (j? - — >54 ^)^4I * — 4— — I— VI . 1 

I M I R & CEMI N 4a4 u3i R >J' 5 ;^ c5^j>4' 

* L* ^>SjKll f l. ^ -i,.,l j-. gjjj >a j t (CEM II) M-S >41 cS^^ 5 J.^ 1 ^-“Vl .2 

.1— Vl >£4S ^I^JLuol o- 5^ _E» J , (CEM III) <#=4' o' >^Vl .3 

# OjJlaJl <.*na>j 

UVjj^JI ojUj jSiSSil t> Uj5i j&j , (CEM IV) ^VjjJjl .r^Vl .4 
1 ' 2) tlyjJl--» 2-^= j 5'iKJ I R l a . ^>0 ^j^jjj f (CEM V) s-^>4' < ->i-»V l .5 

. V ‘ IV ‘ III £l >ji cjUlo^Vl CjUS>« tSjS^o 

i Aac. ‘~*>>. ■ -’VI 4_j^a 4. . >. 4— a jl:^ 4 jjSjJ >>-°> lajl^J dlLcuaVI * — ® ^ x ~i3 

I »V> UAao Sliai , 2 ^/(j 52.5 ‘ 42.5 ‘ 32.5 cs-a 4*4^41 jll4 .-uj 445^ .?jn 
, I l i" A ...i y& t*,no.»Vl jji 13^i CEM I (R42.5) C5^ 

.*«! >xiuol ^ J jbnij . 2 ^/u 42.5 = 28 a3j ^ Jai^Jb a*jUaj 

^ obA. xll 

« * >^l CjlLojuiV^ c J^Abi ;(CEM I) 3 \\ a a J)}\ © 

1 ’ * ) % 1 00 —90 <L>H <j~* } 0 j-^3 AL-aJill 

. jE^-a.^5 ^ ^clb cln-a^yi ijsAj .% 5 * A-UolIj Aibja-o 

.! ^ J ? ^ ^Lb V>Aj ; (CEM II) • 

J . i j (_JilJa ji K*i<q ^bo^ jl ISjljLLttJl Aj. 3 V ©^ba 

' I M II Cld^bU A_al!L^a]l g- ^Vl ^jiao (6"2) cJj- 2 ^ 

- 1 ^LJalLall 333 ^ djL-o A_j]| iwJjbJbuAll (JlxlajuibU J 

^Ajj 333^1 C,ll& I ClibiLutal^-a ^^.*xTlj djlib-bV^ Ajjujj 


j v jLoll ^3 2500 A-O^l^ai ^j-ka j.^13 A-uL-j jy±* ACM 3* * (3) <J 

djUij^jtSll ^j)\jLck di.i<cuLAi V I ^3 '. O^i . L)j3-31 ^3^ 900 ^3^ 3 s 1 ^ 

ij^iLill c-3^ 30000 CjIajj jK 4-Luoj l^j *1* a^I^aJ L ya jxj& AjjLjjS. Aclji ; ( | ) , 

. uj^-^ C 5 ^ * 3 > 200 »'l 

. CEM III A/C ji CEM I N Or CEM I R ^i^Vl £y , ) 

(JjljlJ djLujLjuul | (O' 

- . ASTM -U fcJ- TYPE IV c>-^ £y J 


AajL^jjpx ClA.ALa el.-Jad U-U-saJ SjyfcLsk. AjL»*> jy±. ‘ ( ( > ) 

. CEM I R 42.5 Vi £ 3 ; 


. 3 j 3 a 1 I ^ <^ 3 > 500 = ( 803 ) djUj_>j£il A^j aj 3 ^? f^W 3 a^L^jA i ( 7 ) 

. ASTM -13 fcA> TYPE II ^i—Vt £ p 


;Cu-A.ujVt CjI jUlii |u 


j! 3 _joi 4 tlii< 


: (Sampling of Cement) oLLc. Iki | 

>Vi (j-o CmUjC 


_isJ A < oj^s. A j.WaI jL..S\-^ y J\ ijL-A <■ — fl M . _ fl . j 
ClAJuaJl Aa».V A-UjjLiili Aaj^LiILj Ajjj^Ja^i £>AA ^_-cu-*u jj 4 A-lic Aiua.^L.*r>tt 
A, t >n jj j lAAuJ^jJ CLlLa-juj V 1 (j~o SAA_2 s~<i A.. .lA& L^jtt c~Vu ,a jj V 1 AJI~^j j *«— i _>-*5 

diB j ^^3 A •% aLoj AAc*-a Clt3 j Aic. _jl. naw !>U 
oA-J j A_jUl«uuui aJLujj lAAaJ AJuc jAaII A ‘n» Jt 

A m AxL« j djl^)l9 ^ic. I&Ajjjj (JjLuj^) Sac. SA^kLa AJuc (jr & AJ^^aJI A . nxJt 

A-^ ^q A ijg. LgJLa VA .,L,\ AS ^xJ 

jl ^9-2) 35 »n.j j^Jh Laf£ A_i_uoIjB c i?uajj Aa^uI ^»t A . A .u .jAj Laj djl. nat I t Aj3 


in 


( 1 0-2 ) (J5LAA ^ jk ^ £s ^ a 3^ clAjjc. 


ajJ* 


AiLkL 4j tiji 

v* * -V + 





A-UjjUb l (^-2) <J^2i 


. 'c.'-' j CEM II Cjwbu U ptjiSfb ( 6 - 2 ) 


1 jljj>£La 

A ia! 

Jikll 

jSUall jUjll 


_jW* 

isjIji 

o>j*V‘ 


dii&jjjSn £• 

4XJS-, 

AuxaJa 


AaxuJa 


— 

5 -0 







20-6 

-80 

94 

CEM 

II/A-S 

dll^uUlV' 

ALua. 

5-0 







-21 

35 

-65 

79 

CEM II 

B-S 

5 -0 





20-6 

T . ■■ 


-80 

94 

CEM 

II/A-P 

CAuAXJii 

c^VjJ^ 

5 -0 





-21 

35 



-65 

79 

CEM 

II/B-P 

5 0 




20-6 




-80 

94 

CEM 

Il/A-Q 

5 -0 




-21 

35 




-65 

79 

CEM 

II/B-Q 

5 -0 



20-6 





-80 

94 

CEM 

II/A-V 

dUAJoil 

J_>4' 

aLo3^ 

^jLLuaII 



5 0 



-21 

35 





-65 

79 

CEM 

II/B-V 

5 0 


20-6 






-80 

94 

CEM 

II/A-W 

5 -0 


35-21 






-65 

79 

CEM 

II/B-W 

5 -0 

20“6 







-80 

94 

CEM 

II/A-T 

(AjIajuiI 

.Jftklt 

5 -0 

35-21 







-65 

79 

CEM 

II/B-T 

p . 0 






10-6 

- 

-90 

94 

CEM 

II/A-D 

\£Ljlwiii 3 acu 

*. 0 








-80 

94 

CEM 

II/A-M 

jj,j 

p . -0 








-65 

79 

CEM 

II/B-M 


j ^ l \ .r-iWuVl CEM II - y ^ t 6 - 2 ) 


^U«J 

* lSJ^ j ^ 

j<\\< 

dllcuuiVt ^3 

LL 

L 

5 () 


20-6 

94-80 

CEM II / A-L 


1 0 


35-21 

79-65 

CEM II / B-L 

_»aJl ALaLojujSM 

0 

20-6 


94-80 

CEM II / A-LL 


5 0 

35-21 


79-65 

CEM II / B-LL 



. ^ jj^JI jjiiu. yi cs **“3 cs^ LL j'L • 

. Ajjl' t> % 0.5 tjl^l' lsJ^ Ajjj'/ L 

ujjll c> % 0.2 i> cf O wjSU C5^l csj^- ^.Jw^ LL 

>"il\i^f.V|< (jja ^>*JJ V S-'A 3 ! (2) (JCa 

. (K) >" 1 '^**^' l^c-U-g. jl £y : cUll 


_ 


Aak Jjj Au]li A_UC- cs Ic. jl_na*y * <j£ Jhz^ % 1 t>a Rj (3° R2 aJI^. ^ 

> C-Jjl=kJ Cu^AflM Jajuojio 


l£yl Li jl^ ^^i^LuiU 4 -ajsJ ' 1 0 

Determination of fineness of cement using Blaine apparatus 

I <j jjil SJLa. jl CAlajuaVl CuLnua] AasJajuJi AsAjujaII jUl^H ^ lSJ)^ • 

f j'^UI (j-aji! v-uLuu*. Jjjjla <_>£- eJJ-L J)L^ ^ Iwl^ U \ fAUj .fW 

4 _^L^ojI s 'SAxcjJ'J\ { y^ A^x*jUi A-iic. J!ilA. A-i^ 5 UiJ 

>( jAj]l dllj (jA aJIj^ 

:c>“” ( 11 - 2 ) J^A?u^ jA US - <jaL o_A? • 

AjLL j j J VLq ^jAa^S £_ xl-ajj 1 ( § U .A J ^-Sj CLu-flL-k^Vi AJLlIa £~*-*‘ £a .jA O 

-lLu-ci jll ^j—3 A j\A.M £_*J=sjJj jjj-J a j j>n.,^ <Q (jj^-* * — l -^ a -^^ ' 

_ A .1 La j j-^-a] \ 

dll^uaVi ALo ^ji O 

jaa jaLaH J . jla j3lA\ C5 -i j^Sl £-a.^i £Ul1o a_c. jal x=Ju cU-sxjj O 

v i , jjllJna (_J._Uj.iJ ^uL-U £^^11 (Ja 13 jjC- J jjUoIa JJC. (Ja^ Aj ^jJajJ 

AiliS A uAs J cubUbl CjIc-Laj <jj jl ja jB jJ ^ - l> -j j < — 1 — *0 



OiL ( 11 - 2 ) lK-S 

«JLjlLcu-0^\JI AJLlAA I......UAj> ul AJlIC* 4 % t| I 


1 4 \a_i_ul ± l-~i jjj t *. i.VIaII (jAijJa.ll (jj j_9 A_iLkJll.j ^-jujIuS L- ^-J j j <■ — lLo-^-o! A—ijC. jl 

# < flj.Au Aufi jj l> 'A i 1 *i 

l-iW ..fyl u!LaJ ^U-jj f A_s ^c. j .. 2i jill (Jj J j Aj&l - iJ n l (j — (J uJ . ^ a I I wll 

/tlj,) ^ AJ^l|J Cj 1 am»V| (j-iyS-Jl JadS.ljJ« Jaa^Jbj)) 

su 





, j A-iiC. xiv. jj AiSktj jlua-4 (j-A (j-L 20 c5 J^3 jl O-Q cJsl AJLmi^)J 1 clul£ I jj 

• Cl^ 3 20 Ajuc. ^Lkjj3 (jJa 20 AJLuijJI dj^l j 

., 5 Cj c ’ ajj-s^aaaII Ai.jjt.Jj Cj^)3 cJ^yV 

_ Auj-L» jU (JjliA C'VuJ djluxil ^ukaj t__.r>j 

. ( ^k.1 jjA -kjj 28 cJ3^j CIuajuj^I jo j^-ja (j2A-2k. jl.n.^y 1 jjaj 

I )- & ci^A V (j-a ^AjC- ^1j (JajIuS! ^_a duA.^Vl Jujjj AJUw 

.^USVI c> csKJI .^AAX^I jaaJI 
1 ^-x j - a->j ^u ^ AujujUU I AjjuV^J (J-u^ (JS (_JA A_uo j 

* '-^ (j-A A n» . J l A=^jja Ajlaj^sj jl AIiLuj jl Ajjc. c ^i l_uLju C , iLajunVi JUjjj AjLaw 

vlu CU-jlSil t t ,a. ^ii n j t Cul j Lv m j JI A_lUa. ( ^ 5 _a LllxJl CjLlilaJl ljI-vj j j! (jL^acJ 

.cj^ 3 20 L>° cl^Sn AliC. ii.jj c!luau cJSVl ^5-1^ (.T.A.1 JR <2j2Aj 

AujxJJ JLki /,3j>3a (jc- j cuLojistAjl <J£ Aj AjjxJl (jc- jJjSJ cu.j5Lj 






:170 ^Ij lI I u jIj cuIaujVJ j* 2 d^AA3tu 2-10-2 

I iueness of Cement by the Sieve No. 170: 

.170 ^) cJ ^ -A aI I JljklLijLj dlLoa m)I I A_ajxj (j.U».J jA jl.u.4k.yi (j-o © 

100 CfT^ CJJ^J _>T^° 10 (j^ (J^A y AiaJl (jljjA ^IjLkl-uo! ^ to 
. O^AS^ * AaJ JJ J A flU A A>l>J £jJa Jj J Ajj^Ua dil^V 1 ja Aijo j^S ^u & 

.^1 _» 50 ^ J-^S ClUA^yi (JA Aijc. (jjj © 

. 170 J^Aa ^Jc. 50 ^ J^A ^JJ © 

.Wl U^aIj (J -^A^H AjSjlLqH dUAJU^yi A-UC. (j S aLuUw ^1) • 

;aJ^L*_aJ} ^ja ^ a amau 170 cJ^-aa t _ 5 ^c. (Rj ) j j^.,r^>21 c!uajuu!>U °/q • 

A , if; x loo 

50 

•(^2) c luAA ubU % 2 Uj Ajjc. <_53c« Ajja>uJI jj£j 

) j >aa\ 1 A-j juiJl A w.. \\l 1 a_jo) jJa — (1^) 170 (JuaUA ^ \r _ jj >^a\\ A_uj1aJ| Au.i ‘ill • 

_ (jjT.j. U 

A‘, 1 R k 



■ ujLSjJ I \ i m 

300 4— l^j) 4_ldj c3-^3^ ^^J-Ij^q ^jUaj (jjc, SjLjlC. J-&J (12-2) (J^auJ Lj-^* 

CjI ^J 9 ^—ai^Jai ^Aaw] 4_J k. \« I 
.^5-^ ^-4^ frLoJl AjAdl] ^AaJld ^xx> 0.5±10 Ajl^laua}l VgJui (J 1 )! I § 

. fc ^Lal l (j-ajj AjAdil ^Ardd 1 l&^lai S^jj ,^JZ S^LoC- ^yilMi , | 

*J>a (J/& 0.5 1a _;A i AiLui*> J^JJ y* \ lA^iaS 3^)_s) S^luC- (djJb dllLMl , • 

.Jaj^kAlS £ti J Cj 15u 9 cJj^jJLa ( j^j AiLuadl ^LLyi ^ AalLq Adl^jA j (,* ) 

^ladJl d^J»3j 5+70 a^JLa A_J CllLo-MjVi A... n.>c. ^U-iJa ^ Ja j j * • 

2±40 ^ g'Lqjj! j liLo ^r- ^Jc. (jJcfcj c j-ia £>ii^ j*>j ^ 5±8< > 


:jLu£,V) Ca\ jka. 2~ t III 

.dujlU -iajjikdi ^jl&J (^ 10) CLASsLj 3 AiljJaud b_ju£^)j • 

# Clli-Ojuxi’y I AaujIjS Aib^Jau AJuC. Asw IjJ - 
. f»t 400 Ia^jAS OlLojjjV^ (j-*® Ajuc. Jjj ^*1} • 

A -U-yx .Il JauLa. ^ColaxAiVl (jjj t>® %20 *!-« Ail^a) fUj • 

. (*+• 210 443 ^ ^Ia=jLuAj Aujlj 5 ±240 a-iwAjS Saa C3 i 

. Ad^d J JalaJl S Ao AjlgJ c5 -2 Ai-bTvdLj idlill bLo i • 
AaL_u_dl A_jjLj 30 A~xjj .Au-dd AJSj^^ JLj^ddl ^I^jl^Lj Ail ^Jaja>2>U ^cxu >Lj • 

c_j11a]1 *P* Ia jj Ail 1 Cjh 

AjI j j rx x* y\ LS J1^.J A_alLda $, \__<i diLjjl^j Olj-<5 Saj=. A-j^dil Al_d • 

.<*-* 1±5 

(j+*-^ ^ AiLui^aj du^^Sn (J jj (j-o <JjuU^ pLall ^jjj Aj^Ao ^vxaijJ • 

. lA° 5 + 1 Ail-i-o-a (jlaJi ^jJl ^^^ujUaII pLo]f AjjIaI) Ajuaull 


A iLkll Jj ^ (c3a^>J L$ 90j^j 5 

Aula^^iwoll AJL-a j3l 

Ur-Ui ba <j5_>9 l > 6^ A* C^ 1 ^' U 6, • 

, ,* jjjJb f.\ J^3t £-9Ai ( _ s l=> ^ b^ all ( 31 c. (j;U) jiajjUll (JJJ 

.dllajujVl 

.iUi Jj (j-ojJl Iaa ^lj ( jxi cJjU21 i=*^+J (t c ) 0^3^' (3+-+^ • 

^ddftJujV 1 ls^ 

;3JoU^3t (> ) S c i^M-bU 4 j-v 1 =lUI S^vb^ll .-I^J • 


5 c = /Cx7(/> c ) 3 xr c (18-2) 

Dc = (1 - Pc) x VO. 1 x /c (19-2) 


Add A+^Val' dlL^l^dl ^ o AJu^klb aa^jj , jW+^ K «- 

4 <» 1 **" / ' 1 ‘■'S/ 1 A . U D ^ jm lc » 

t^ u . jxvU ojjSA-aII 2Axjj J (^f k ^/f k_?k ) Ail-1^ DC < 

4 1 > ol \0_l l 

i MS . J jJI 3jj$ldi AJjjJdb 2A-d J t J uA - d l dla-u »Vi AdJs AajUu^ Pc <— 

4 i . J \a\ l 

.(7-2) Jja+a oUa.».dlj c-\ ^-+j3^ Ic < — 

4_i ^dlll 3^)1 At^aI lilia Aiilda 3 ^)l dd. Ad g. 1^-11 -Aa. jJ^J (3^3^^ (7-2) (Jj-^ 


(Ic) <+j3^ 

Axilj 

3^/ 3+ 3^' 

o-k 

0.00001800 

13.560 

16 

0.00001805 

13.560 

17 

0.00001810 

13.550 

18 

0.00001815 

13.550 

19 

0.00001819 

13.550 

20 

0.00001824 

13.540 

21 

0.00001829 

13.540 

22 

0.00001834 

13.540 

23 

0.00001839 

13.540 

24 


^1 ji3l dli A uILwjV) 4 n>» , U ^J^UI ija A J&S) fUJI ^ 3-10-2 
Shindai d Water Content Required for Cement Paste of 
Standard Consistency: 


■ t " M A aaI^VI A.laajtU ^IIAajVI ‘iUali 1><0 3-3- 1 0 

Initial and Final Setting Times of Cement Paste Using Vicat’s 
Apparatus: 

^ 1 U 1 Cy*j .1 

dilSja JaIax (^1 ) CaI^aS o >j) 4-u^ • 

Cilftjmi 400 -1 AajUj 3I <Lj>al]l L5 -k Ji WaII ^LaII AiUJa] • 

. i SiIajV^ A£.Luj (J jx j u oJ fJLj 

<jj^uojj c_ 1 UL 1 I $.Ja (t*-* 5±240) *M*SM JaLaJ! ^jj • 

^.via.ajjVI 4 (Ja^.lrvj j . iai x A .ll S>jV 1 AluflJS 1 5 < 3 -^ >^- Asa • 

llg..ail £CJ^)Aj L 5 -ic- (Jjl^ILkVt Ailj^oA >Aij AajIa 30 AxJj 

JlJjJ (jjlij 10 AAloj ^ L5 i^ J <j3^V <^J • 

1 0 l ,g..hj ^L-o-aII) A 4\l?k .A 1511-4 Aa^A 

.£-11] I 1)A AiLuOAJ cj£? A^^° (f^ 

g-1511 (J-A ^9 1+5 a J^ <jl jisJ <>Aic. £y*J^ ^oUnll ^JA • 

A lYalll c^llj ^^Iswj <>L all AilxJb! AiikssJ (j-A 1)A J) jA 1)^£^3 

:cs jl$i]t liLaJI u-^j .2 

i fl jJa Aaa1a]I S^)jyi+ 1 ^JLiil ^JlJ JujVI (_>« J) AjAal AxJ • 

.?* 0.50 Ale. jji lj <_£>jb 

>( >>iIa]I Axajj JaUL-uj ^JLj AiiSA 30 A uI a J) CjI > ia <^io • 

^^a 1 ^ S>jV 1 (3l>Aal A 3-vvl c-LaII K la . A-iaaJi 1 )-a 1jaJ>J1 

q, i-aJl jl\ p.LiH .1 A ^ Igolo i fl>ui]| ^Jj) .Aa^II Ija ^xa Q.5 ^ A ^ - 0 1 - 0 

1 A_A (J-j 5 1-JtA LaA^jI >ftia-j <. " ^ J , "V ^ (^x-A 1 ) S^j_jV^ ^>1^ ^Lij £— A 

I JLC-Ia (JIIajaVI jAJvl A_1 j 3J 45 cl)- 0 (3 ^ ^ ^ ChO J+J V • 

wlLlJl (j_A j cJ-i-5 Vj A...ajjj 60 Cr^ cJ-^ 1^-3 ij' ^>-^31 cJ ^^ - ^ -A < -r.lL a.-iA V 1 

^djle-Luu 10 (J° 

; A dlAx^SU ^IAaUIJ ujLu 4 10 

Le Chatelier Expansion of Cement: 

^ vN-v’i »! \ < u \ i-v A-ulj\_-xi ^1 j l^ a. Ai-v^ i cIjja-ujVI ^'--aj ^x ils i V I )JLA 1 .^ 4 ) • j 

* a A__ijLiajS 11 ^)_x-oll*Jl (J_elij ^J^)juill] 1)1 jliri] (. ~Tl ^ * .) V 1 A-li^ve. A-XJ til 

I Ax-Ia C_Ua_xjjV 1 ^1 >11 1 jAr». Ajjal^Ljk^a > j Wl A-lu>iall oA.A ^AULa-Jj . C . X La * •■ V 1 
AJLaJl diil ^ j } %4 1)0 ^ jJa^IoIaII A>xl Ajjj IaJIoj! 41 00 AA>tll' ji 

^ fll^S>3jVl A^J-^ 31 fl AV L J m 'J 

c^aJIS 1 >o ft_jl.,jc. >Aj .(13—2) (JS-l 1 )aja 11 AA iLLi.^] L_iJlij aiLxxja J\ j * 

l)vUJji A_j diAJA j j J >L v ,. i fl* A_j ^a 30 Aa-j-oUaj A^ax-oj Ija lIj^a ^1 jl**l 

^. t \1 fl\\ ^.Ubc. J SAjoIaS l)\.A..^a.Tu,u ,j ^-l-^. J)ll l)-c l)!-=k ^ C-A]\ji (3^* 150 1 1 i U 

>c £^lxil (Jo (Jij cl £+0 I ctfVl (JT^- 75 W (J^ u ) 1 


r, ; 





^IjujVI iAliul l-aj l)Ai*l 
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^5* 
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r;j 
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f 

if 

i^ ! i 
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IjJuJxJ AJO J)l^La-U -LiulA 

^yll^lll A 2 A\ 1a j 


-^r 

i 

i 

j 

<d 

■° »!>• j 

1 

i 

i 

_ — i — 



i 

^ iljal l ^ill ljj» J Ajl jlaxxil 



T 

^lAbVl liLull 1>A j S >3 1 


I 



^ M ^ 'll 1.4111 1)A j S >1 <ila 


dl%3 jl^a (i -12-2) 





dl£aa jl» (+J- 12 - 2 ) J^> 

I 


u 2 


(jLoi ^l_Ax-a Ajj & Jaddali (jublil jl^ao Jj J>a J)lg_aJlj .bll jbdj]| ..3add> Ja-U-a 
A_jI$J A _ic. jbd-ill ^Ijdbj ^,^jj 6 dsj all! AjIaj Abe- c.lj-g-11 £rl _jdLj ^*^^3 J#-* 1 

. Aj jdlll 

A^jujLii]! \_Aa1jlj 1 dALo, xjqVI A— 1 djljjdda t. . 3 > ^a. .1 A_J j3 A_ujA*-<j v., . . \ 1 1 j 3 ^ Ad .. ux . i • 

'bLoodl (jxbiii 1 Ax-all j ; id ^_jjajA*-4 jjaa^ia \ ^ . d l g , n CLuIaj i ^a 285*25*25 

C > \ a > » V 1 A \j>«l ^uaUll c-LaII ^ jdaA £_a LgJaldj dilA-irt V 1 (j- 0 650 bO-9 (*"H * 

A_Ujj\_iB $ AaI <-"* iQ jl-g-~w (^ya JiA2wall AaujIauII 

ii jl j-=± A-a. 4 %95 Aa-Uja j Aj jlaj) ^gxuabi j=w Aj&Luj 24 1-fi^ JA j S-^lj^ll 5ba ^d? 4 

.(aj^Ia a?> jj i ,5±23 
. j cJ <Jj^l (»-w • 

. dl n» II ^■v% j-° %> 1 0-7 4 — jJjV 1 ^5-3 dAiixll £d* ^ 

jdbujl j . jl dill jj_d A-xj A-ilc-lj ^jaj $.1 j-gil dl^>b ^*-->3 j V 1 2A *•• * 

.Ajii3A 75-45 <J^bw JlSxxb 1 7> J-Q 2 C5-^) -^addall cJ-^S (jAd-wull 

CjI&Luj 3 SJlaI iaxdall !a& dird dll na.ll dl d 4 

.aoLuj 1.5 ^ Jl^b Uao 0.07 <J] iax.^H J jbl Jj jVl -a ># 4 

ti _5 jadl Jaibdili £a ^gJdlAll Jaddall c-l^-li ^bir*. £t ill •> 

J ^ajl d — aj -ij-JJj 4 90 AJjjljax A_2 wjA c-bo dil .nxll <— ^ 1 * ' ■* 

AajS^ 1 5 ^ Aj jd Aa. jA 23 ^2 jl ja. A> ) \\ 

. 2 cJ j J^all (d^J 4 UJ • n 

1 00 X 1 ^ 2 ^ rs A Adll Aj^IaII Ajudll uiw * • 4 

1 ^ 

i j du a >, »bU %0.5 Cy^ aaJ)3 Vj t %0.8 Cy- didujabU a aajH Aj^IaII a_uou!1 aj y J 4 

.41 00 ^ >* 

: (Density Of Cement) AidsM <■ i 

t0 ill ) 4 dUAjujSM AflljS AiAdil ASTM C 1 88-84 Ad-al j-aII Ias-L jLudVl l^A (J )^J I 

AjI_UA2x ^ ^-'V J t*Vl.fl i „Sf 1 Al’iSi ^.lJ Ajuukjoll (3 4 41 ‘ 

. ( 1 4-2) cJ^ ^ Ai 4ib5L!l 2\dui ^ * f 

.(1) J cs-^ - Adi ^ju du.a>j Aliiall Cyy* J^r^ 1 AaAS •* i 

^1^ AjI JjjJal Almll CAIa-^VI (j-« fl _>?*> 64 >=•*■ (j. j 5 ^ • 

Ajjl^jj^ Ad ja. A 

d$1j£U ^-aj^>J ^All J^)jdl I £tlaxij 1 >ll i 

dlL 0 -XjjV 1 Al3d — dllAjuuVl A4l *% 4 

tit; 




c? 


•— J c*^ 


AjdSld jl^aw ( 1 3-2 ) cJdd 

(J^ld (jljlall ^J] ^°25 2>o bddldiA AjjI ja» Aa.jJl 2)^ A 1 LS~^ AiLadujVl • 

, ^IldLui AAJ^Jall oAJS^^ ^jA^C-Ljoi SAaI Adlij 3^)1 ^aJl 4 n j.^ -A AdBJ 5 2jft. > 30 

.(^USll 

^ n> ».ll c _ 5 — laaLJ ^321 cs — xxball c-l— a]! «_a ClU-ui' V 1 l 'j™a (jj>,,«.A (jjj .Ja. Id ^1_J © 

^A^j2 (3 a_uj ^a!1 l_j31a 11 bbd j 3 ^Adb 5 ±240) Ai^UaII 3a-aI1 JaJLdJl jj .Aj_xxblli 

^.li-A ^JjjJail (jjdll ^-Ic. JaliaJl ( x-o ^A U^a.l! £ya bbjj) 

■* liulj Aj^J-, A-J^ da Aa^jA 2 ±25 2 AaxjJ ) AxajLjS cd jjia • 

.2x:U-j 0.5 ± 24 2aa1 (%98 

c * 0.50 l ~ r J ^>-^'^ As LaaI I (JaJlAj j S^Jlall oAJS> Ajl(§-j JJ • 

. i^ba jjSulj 

, ))3c.Lx*i SaaI IajLjuo ^j^dA-all 5 dWdJl <> _ s -jLa11 ^La^JI ( xdjj © 

. 4 d-aj^ 

. Aajda Aa.jA 2±25 2_a^;A c _ 5 da A_^_uJ L__iiUll dl^jd © 

. 2* 1 — ® u^2ij Cyi 2aL*jja 11 oxUi jdj 9 

1 4 fi — 2 1 fl ~ AAdil • 

AAaj Jaxx'^Lo Ad^j 9 

t ^lLc. C_u-axjj.^U ^xwa 5 Cj- 3 ^ d?_3^ "7 -5 , didquujV I ^ 1^3} ^_1A^J 1 0 ^ Aj Jjj V • 

daldj^jdll Ao jIIaII 

I t‘25) ^ a ^Loa da ^ AslJ 2^ — S AsLlaaII ^jaIAj dlLfix-a 1 ^a 1 I ^jJajt.,.3 9 

.-jbl^ Jj jAj ^1 ^kb) AtJjaj SAaI ^Aj^aq Aax^jA 

* m Lj£A&j ^ jjVI AJjjLu ^AddU)) dtbu jjASj 5-10-2 

Determination of Soundness of Cement Using Autoclave: 

• J >2a] diLa_juoVl A u> ^ (J>a j j A rt. ! U (jdj jxj (jc. ^cjbll AAaIII AjAsdl jl.udV 1 L— a^..j 9 

'I* bx*j 3 SA-aI jLd-xrtb b-U 2 2 d . d» 4. " 1 a 1 pLo jl_d.il AAajdi ^jc. 0^b ^«_3 j^x (_Jc.lij 

v i ^ i>->Lx-a j 4 1 00 A-o j* "ill (^A dlAAjujVl A^tida ^^Ic- t >5bv.\l jldd V I lAA ^Addoxj j 

. %4 ^ >j-ddLoJl AjxrtSl A-Luaj Aj J)j duAxxi 

^jALaJI Lw > ii 11 (J 4fc3|| #L* J 3)"* t |A j ( db^5» jAjVl jl ^ > ^lAdduul ^dij 9 

4 afb jJ (Jrtb^iil Jxa yjk jj ^ iirti^l (jULi diLl^nJl £-jJm y} £t-*juu_j Aa^lX j 4 0L-4JI 

^ j ( jl-dy ^jJj nbjl (Jj) jfebll * )l » * 11 441 ji aJD jA jhimm #l& jJl I AA ^ t S jj^l 


— 20 A Ijwil £-3 jla (J-A2W C’ nrwJ ^Luk.!yU <J-wjLLo jjls '. 3ak^J=dl fa' ^ ' ' 

U^JjlJ jbj-lj ji^aj) (J ^s-c^l jjj , <-USLoib cjAbLS' 3"^ %S() 

^ 2 ^a/(jJj^ 35 d J-^ fliilib I 

. jbikl JS Aic jlajlla 70.7x70.7x70.7 ■**& *E13 r - 

‘ ^ j \ y^ s $\ CjI jl * • 

^Cj W 9 baS CL-A m ll Liuaj Jalk abji AjJjuull Aj^-Iaj>3i J 6 3^3^^ U ) ' ' 

.( 8 - 2 ) cJj^m 

djljjlill]! j 4 Aj^la jll j dj Ual (8-2) 


(%) Aujjuaj Ajjiaji (jSi 

(Ajjb) o A^v jA 

% 65 

2±20 

% 90 

2±20 

— 

2±20 

% 50 

2+20 


jl 5 Lo]l 


Jalkll 4 i / 
44 )• 

<=kJlx-a 3 l ^ya 9 - 
JajuJaJl 4 . *n 5 H-» « 


baJlk'un —all j| — o31 4__=wjJ (jl ( _ 5 — c- J)\ nr% . V I (J-A9 . A — L> ^ \ 

(J_kb l,^,3n.4.sO ^JLJj j Ja-lkJl A_3 _>C- o c^ 1 - 3 - 3 ^5"^ C r 1 ^ * 

.M - 

Lo jLukVi 11 a (J.a xJ .>. M , ^ \l 43-^b^^ (J-«3^ c^ 9 -J* > 1, J 

#( jjj]lj %90 3 C ’ A^S AAxjiJ (Jil j/ 

i^Ac- uj.^W %0.1 3^ Aj Ajjb (_5J^-X3 JuJj Vj lii^j 3j^> • • 

.%0.25 C5^ akLuJl C*Ljj>]£ JjO^il <J^=vJ 3jjll LS* ^ ^ « ■ 

43ua jball JLjJ>J Vj ,(ujJ-^° 850 A . 'vrba o-LLa) (Jk-kJl 3* <x^xa=*» y+\ 

.ujj^W %10 (jr^ (ujj^ 600 Al=ba o»bb») C s-^W^' <-1^21 6"* 

(J ^-juaj-fl j-A ba£> ( . ...i ar^L a (JfLl (e-Lallj CliX<x*-uV^ cJ-°3^ ) ^-AJ)AAiS 3^33^ ^ 5 ' " 

■ (<> *’> 

JL= 3^11 t , ; .m..^ <o\^ Jsalkil ( > lull ( 9 - 2 ) {&. J) < 3 .J-^r*' 

_ Tjj 


(^'^■) ujj ^ 1 


1 ± 1 85 
1 ±555 
1±74 


1±190 

1±570 

1±76 




1.0 

3.0 

0.4 


1.0 

3.0 

0.4 


.}! ^..il 1 


^Ua 


J 


L Uj 

( XjO , 


l 


'^U CbU^Vl £lj 
Uj-j 3 V» crJU • U 


Lixo cjr ^ 1 


< <. T „v\b]l (Jj^a 3^^ ‘‘kll^La ^5-ic. L_-llUU * 

blLua ^Ai l. , -^ S ^ » Wq 1 ^Luuo ^ b <., ^ i » cJ^ 3 A-x^ oLk 1 1 A.,i I-*!-* l 

^jj jUwi ^\ \ JLcjtlLuolj ^Labw 1 _^a j cJ-^ j l1ua->-uSM IsLku 

t b).b b 1 nxvM ^i^kjjuolj 4 SjLol djlj^-flLlI - bl . rv . C-b ' « — flU.-l aj ft , • “b*” 

k_ll£Lo ^y-ic. 2)J 'h*'' ^-^31 c,..,4.ba]l L__i]Ia 1I (J^b Ax. J)^-aJ J I frl a L x j A j ^ . k \| | 


AjjwjLiaU )l »«*V^ 


2 ;^ j 


^ 20 * 2 ^ & 6 


-k 20 ^ ^)*i xvjlla 1 7 4 _r-aoi 

^ L ool L o 0.1 Ub^?J^ 
{S L.\ Ls iu 1 SLu 
^iu^xl! 4 ^o 3 Lr JLji^ 


^UlLji'V^ 4 j*jua 
jl^-ALa 250 



Aibkli A..I143 (14-2) (J^-b 


4 Jj^sU Jba^-bJ!! 4 o 4 a^tJU Ju AaAl j l n .^ 1 7 - 10-2 

ompressive Strength of Cement Mortars: 

■ . 1 


^ n ^. 1 < t‘Vv^> j $ t Aj^oj JLaao-iall A^ajjb-a ^ 3 ) ^ b.VTX *^ 1 l«iA 4 — sA^J 

ba I 4 Ajkl LakjjlkiA l^LcAJj i bjJu L^JLaik. fA-Jj > dila-j-uV^ AJ^o 

abU j' J jblk! jUikVi 

:» .2 


. a ujjba dib^£L 
a . ^... nx-jji _ 4 _ ijujL?a 


sja 400± 12000 3§3 a^ j^) A- u ^b3 jijiAi ai£U _ 
. U^jujI ( 3 _>q ttJ-x.juo Jjs 4 .r^\ *a ~ * j ^ > - ko 2 b a 70.7 ^bjuL C5 — *jLi3 p ^AJ 1 sA-ili 3^-5^ • 

.V500 

( * lxxj ^1 A.^ ; 3 Ll bula UJ^lJ , b lLaju aVl Aj^J V 3 ^^ 3 ^ ill • 

| l j| j .>. 1 3 j j.l-rv 3jJ 4_La A-iitj! £- Jj~3 Al Jig * a j ^Qjua-i bl .l. 'v J La-o^a-oj , dllA j * * v\ 1 

c-b'bl ^I2ii IfLuuLolLa A.lar. >J ALjuj^J C_215]l <2 J>^ j 

,\i j cL-2ll «,! <l . \ Jbal1 3^1 AJ sa ljLs jl 3-o l-215 cJ^ j j 3^ • 

djl3^ AJa^Lo djblLkLo fyQ lasi^jLo j 33-J 

it ^.l^i AaJUai (J5i a boll i JlA j-lkj j ? ^cJL-^a ^,Lo ^5j )4rvJ ’ AjaJL*-x2l • 

iL}.^ 2±20 ^ , *4W (j^- ji jjSVt 





Compressive Strength of Cement Mortars Using Pori ion 1 
Prisms Tested In Flexure: 

2 a ' >i»Vj 1*1 . 41 lax fc ^aJ I 4 — jla^a . 1 J 1 ^"^ 3 ^ n~* h V' ^ 

i^ya * J-~>- ‘I's’in. lj lax X >lU A^a^ljLa (_J JJ» 1 __)f '* } ^ ^ JjTi < ~~ 1 ' 1 " I 

.(1991/373 f.ii.f* CojjSII A\ cAi— j^U 1-53=) cA—tS-JJ 4 -L.ij < r .\ . . . > , jl , •* il 

.\._41 olio /‘UC. 1 luJil] 4 1 4 -4. ~i\ l i*\ li 4 1 ~ 4l 4 *|4V U 4_1 u 4 -1 3 1 $ 4 4— AJO i )j' 4 5 -4 ' |<i 

f '• ' Jo ,••■»'.. I 

lui.ifJl | 

j (3-0 ^1-ddLujl (j3La* (3^ ■ 3n 3t „ A. ^a ll <j^3l A-o^U4xi (_£.lo . .Yjd * sw 3 ^)LuLVl c " 4 > 

.CjlL <lojSM 4 > _ 5 Io ^*5331 jUl-kVl ilA Vj .c-H=oVI ^3^ ‘dlrdi O jl^UI ,* ■ 

J I 

5O.Kx40.32) jUjIj <-3L-a c> ^ ^-=>^ ^ 25 3^ 4^-* J3 V cJ^3 c* >” ■ I 

. Jjj^ ^UIcj 60 2f cJ^ V a ^ (,*« 

, )1 ] <Ju*3 £_£ jlo (J-oj*. £J1U Cixir^j jUldl^U AjjujLLj 3j^ ] 3dt-d3l jljl>.l < IjM * • 

t 3j>3-Jj ^u-saJl (3-0 (J_Xojd3l ^-C- 1 jyJ J .<iLl-3lj (^Liall £CJ jSj 3* %80 #M) 

.<1:331 (^yi 2 (3 -o/( 3J Jjj 35 0 fU'« !'l ' 1 


; d-A i }• ll 


i 


' \ ujj_iI1 <Ju jl»3 j-^v <-^Jtx-3l Ahjt. JA <li^Lo 3* 43131 34^ ® 

, ,-c.l .<c-Ljuj 0.5±24 sd3 <_jj3o <a=*.jj> 2±20 4j 31 <> 3^j cSVl %90 

,1 1 t W 1 1 (_J3o ^^-oLk-o-0 ^)UC- (^3^-^ (^gjdx-o ^*^-L <^_31 j 3I ^cJatikjj AjJcxs lJ Sa 31 ol& <^131 

.cL31 y> (*. ,\3 JaHx31 

1 >3_ll ^Uo ^.Ic- ^jJLso ^ 31 <^31 jl- 31 i»31j31 3^ ‘--- ^ 3*^ c 3*^ qj © 

> u xa3 Is-J-xS-ai (Jj^ (^Jg, 03 -^-® J (3j 3 I j V.n . Sk l doBj 3^^ *" — a J^ 

.^•Vl 3^ 

’ () ^J| ] 5 (J3a I_g3lj3 3<1 (Jyu-saij <£^Luu 24 lA^jlfl^l e-J j\ln3 l djljoxAl ’<-la j)"v\^ © 

i )l£» !3_^ c le- Ja\_a^n3 <3 Llo 3“1— *3 <_xJalj (^y-LaxJj 4 3b ^ l ; U .z 3 (_>>a <- l : 3 J 

, l.^xi <3Uc- 4 <_i„x£-31 jLi^j) ^yJ) c5^Jh 24 ±*-* AJj31 > 4 >. A^ 

j \ 'T\A S $\ jgjfiji (J? °i <31i 3^0-4^ 4 <CoLjj 24 c_31j31 3 ^ 1 — Aj. *5L q31 

A oiC, V 1 l—o SJil-C- 4 Jil ^-31 ^131 IsLx^al C.*_:3 ^ 3-° dlUuxJl ^jl Al^ .1 t. . . \^ , r% . J © 

( I 1 1 68) (1±72) (0.5±24) ^ 

.<^1^(11672)^28,^^ 

», * Iol—ujI 3-0 Juljll ^L31 4 U ^)\ . 1 V*k 1 JlCo^o (3^jla^ 3c< ^\— 31 3^° <~->l jat^ Aall ^3^jJ © 

ILojuaJ <_12»-Li>jj CjI^jHj cJl j^J 4 <3a^) 3“1-^ <xJa3 <Jax*il^J 

<1 13 jl_^x _^J (_y-lc. C.L3U <xJu3o cJlj^V ^ 5 -^ J 4 1^3 lj-2*. Ask.1 (^ylC' djl.lx. lL3 l ^_dajJ « 

•1 » ^ J (J>x=3l 3-3aJ ^”^1]1^ C-J.xL3l 3JJ jp-Airv ^JddLuoJ VI ‘ — ^ J j <-o^llo 

' UJ-^? u' (jr^ 0 , C5^ 2 ^/3 j 35 6 J-^ J-^-4 1 ^UiliWj 

.LaLoJ 3^^4alA (J^a Tk ll j 

.(j?Jtb31 j3 J > Xl l djVl^ (J^-ud Lo£ JH-Lil (5 die. lArvj ^31 (J-oj31 <-ojI 3 > * 3 © 

;£tjU3l .5 

* a j_u.2*-a djLije. dj— 13 Jsxi_d3l <-oj)H-q .Jra*^^! 0 3^° lal-dail dduu^Vl <-a^H-o <., . ,, v *a >?vJ • 

.-^yL UL 2 ^lcy 0.5 4-^d^V 0jld31 4-yjl5 ^ j-a*Jl (j^lj 
jig ^i Q <J^l3 ^jd^ . 3 1 (JwOJv - ln - > .,^3 1<Q ~ 3ai-d3l <-o^jllo 
<jJa^y*-3l <_a.l— i3l 

•i‘>,()±: jldloJ Jn-U J jl3l 3-° <3^31 djLlx<-3l JL=s.l <-Qjllo <> . jl : dja JJ^jl 131 • 

.<3131 ^jU31 JLu^i jlo v_jLuDL2fc. 3_xjj <-oj31 o.3a c 3 3 a d 
• «Lo 3-0 %5.0± jl-^-4 Jaujua jl31 3c. l^.>Mlj d3^pJl ^ylll djUxL31 die. J5I3 131 • 

. 1 ^ K <c. ^-0^-31 0jlli l-.s3x,j jl ^.1 j 

[(^kia^)ll jl (J^j31 .6 

' ^ | 0-2) ^c.d) ^o L<L JsJLd3l <-0 jU3 (_jda3^)il ^jl 3^1^1 © 
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